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VIIL—REPORT UPON THE INVERTEBRATE ANIMALS
OF VINEYARD SOUND AND THE ADJACENT
WATERS, WITH AN ACCOUNT OF THE PHYSICAL
CHARACTERS OF THE REGION.

By A. L. VERRILL.

A—HABITS AND DISTRIBUTION OF THL INVERTEBRATE
ANIMALS.

I.—GENERAL REMARKS.

The investigation of the invertebrate life of these waters, undertaken
at the request of the United States Commissioner of Fish and Fisher-
ies, was actively carried- forward during the entire summer of 1871,
and.the very extensive collections then made have been studied by Mr.
S. I. Smith, Mr. O. Harger, and myself, as thoroughly as possible dur-

.ing the time that has been at our disposal. The work upon the collec-

tions is by no means complete, but is sufficiently advanced to serve the
immediate purposes of the Fish Commission. '
© To Mr. Smith I am indebted for the identification of all the Crustacea
referred to in this report  and the accompanying lists, except the Iso-
pods, which have been determined mostly by Mr. Hargér, to whom my
thanks are also due for several excellent drawings of those animals.
To Professor A. Hyatt I am indebted for the identification of some of the
‘Bryozoa, and for most of the figures of that class. I am also under
obligations to Dr. A. S. Packard, Dr. G. H. Horn, and Dr. H. A, Ha-
gen, who have identified the insects inhabiting salt water. ‘

According to the plans adopted these explorations had in view sev-
eral distinct purposes, all more or less connected with the investigation
of the fisheries. The special subjects attended to by this section of the
Fish Commission party were chiefly the following :

1st. The exploration of the shores and shallow water for the purpose
of making collections of all the marine animals and algse living between
tides, on every different kind of shore, including the numerous burrowing-
worms and cruastacea, and to ascertain as much as poss1ble concerning
their habits, relative abundance, stations, &c.

2d. The extension of similar observatlons by means of the dredge,
trawl, tangles, and other instruments, into all depths down to the deep.
est waters which were accessible to us, and to make a systematic sur-
vey, as complete as possible, of all the smaller bays and harbors within

1v
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our reach, both to obtain complete collections of the animals and plants
and to ascertain the precise character of the bottom, special attention
being paid to the localities known to be the feeding-grounds of valuable
fishes, and to those animals upon which they are known to feed.

3d. The depth of the water and its temperature, both at the surface
and bottom, was to be observed and recorded in as many localities as
possible, and especially where dredging was to be done, and lists of the
animals and plants from special localities or deptihs were to be prepared,
so as to show the influence of temperature and other physical features
upon animal and vegetable life. Many valuable observations of this
kind were made.

4th. The life of the surface waters was to be investigated by means
of hand-nets and towing-nets, on every possible ocecasion, and at all
hours. Towing-nets of different sizes, made of strong embroidery-
canvas, and attached to stout brass rings, were used with excellent re-
sults, but very many interesting things were obtained by hand-nets skil-
fully used. The surface collections are of great interest in themselves,
and of special importance practically, as they show the nature of the
food of those fishes that feed at or near the sarface.

5th. The collections obtained were to be preserved Dy the best meth-
ods : 1st, for the purpose of making a more thorough study of them
than could usually be done at the time, and for the purpose of insuring
accuracy in their identification and fullness in the special lists for the
final reports ; and 2d, in order to supply the Smithsonian Institution,
Yale College museum, and a number of other public museums, both
American and foreign, with sets of the specimens collected. For this
last purpose large quantities of duplicates were collected and preserved,
and will be distributed at an eariy day.

G6th. Those species of animals which cannot be preserved in good
condition for study were to be examined with care and minutely de-
seribed while living. The colors and appearance of the soft parts of
other species. were to be described in the same way, and also the eggs
and young of all kinds.

7th. It was regarded as of great importance to secure accurate
drawings of the living animals, and especially of such as greatly change
their form and appearance when preserved, such as worms, naked mol-
lusks, ascidians, polyps, &c. Unfortunately the available funds were
not sufficient to enable us to employ a special artist for this puarpase
during the summer, but this deficiency has been partially remedied by
the figures subsequently drawn by Mr. J. H. Emerton, Mr. S. I. Smlth
Mr. O. Harger, and the writer.

8th. In all these investigations the relations exmtmo" between the
fishes and the lower animals which serve as food for them were to be
constantly borne in mind, and all information bearing directly upon this
subject that could be obtained was to be recorded. To this end large
numbers of stomachs from fishes newly caught were examined, and
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lists of the species found in them were made. Most of those thus as-
certained to be their ordinary food were traced to their natural haunts
from whence the fishes obtain them.

9th. The parasites of fishes, both external and internal, were to be
collected and preserved for future study.

A large collection of such parasites was made, but the internal para-
sites, which are very numerous, have not yet been studied. The inter-
nal parasites were collected chiefly by Dr. Edward Palmer.

The map accompanying the present report serves to show the locali-
ties explored, and the extent of the labor in dredging and sounding.
The operations during the first six weeks were under the charge of Mr.
'S. I. Smith, who remained until Jualy 25. He was assisted by Dr. W.
G. Farlow, who also investigated the alge. Professor J. E. Todd, of
Tabor, Iowa; then took charge of the work for three weeks, until I was
able to join the party, on the 16th of August. During the remainder
of the season, until September 20, the operations were under my imme-
diate superintendence ; but Professor A. Hyatt, of Boston; Dr. A. S.
Packard,of Salemp; Dr. Farlow,of Cambridge; and Professor B.c. Eaton,
of New Haven, gave very important aid in carrying out our investiga-
tions, and our thanks are dne to all of these gentlemen for their assist-
‘ance. Secveral other naturalists were present, from time to time, and
coOperated with our party in various ways.

The dredging operations in the shallow waters of Vineyard Sound
and Buzzard’s Bay were carried on at first by means of a sail-boat, but
during the greater part of the time by means of a steam-launeh. The
dredgings outside of these waters, and off Martha’s Vineyard, were all
done by means of a United States revenue-cutter, the steamer Mocca-
sin, under command of Captain J. G. Baker. Our thanks are due to
the officers of the Moccasin, who were very courteous, and gave us all
the facilities within their power for carrying out our investigations suc-
cessfully. Without this important assistance we should have remained
in complete ignorance of the temperature and peculiar fauna of the
deeper waters oft this shore, for the localities were too distant to be
reached by means of the steam-launch or sail-boats.

The examination of the bottom was done by means of dredges of
various sizes, constructed much like those in general use for this pur-
pose; by ‘“rake-dredges” of novel coastraction, consisting of a heavy
A-shaped iron frame, to the arms of which bars of iron armed with
long, thin, and sharp teeth, arranged like those of a rake, are bolted,
back to back; a rectangular frame of round iron, supporting a deep
and fine dredge-net, follows just behind the rake to receive and retain
the animals raked from the soft mud or sand by the rake; a trawl-net,
with a beam about fourteen feet long, made of stout, iron gas-pipe, and
having a net, fine toward the end, about forty feet deep, and provided
with numerous pockets; ¢ tangles,” consisting of an A-shaped iron
frame, to which frayed-out bemp-ropes are attached. The best form
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has several small chains of galvanized iron attached to the frame by
one end, so as to drag over the bottom, and the pieces of frayed-out
rope are attached along the sides of the chains.

The ordinary dredges can be used on all kinds of bottom except
where there are rough rocks and ledges, but they generally merely
scrape the surface or sink into the bottom but slightly. The rake-
dredges are used only on bottoms of soft mud or sand, and are intended
to catch burrowing animals of all kinds, which are always numerous on
such bottoms. The trawl is adapted for the capture of bottom-fishes,
as well as for crabs, lobsters, large shells, and all other animals of con-
siderable size, which creep over or rest upon the bottom. It cannot be
used where the bottom is rocky or rough, and does not usunally capture
many animals of small size, or those that burrow. It is, however, a
very important instrument when used in connection with the ordinary
dredge, for it will capture those species which are too active to be
caught by the dredge, and much greater quantities of the larger spe-
cies than can be obtained by the dredge alone. The ¢ tangles” are
partlcu]aﬂy useful on rough, rocky, or ledgy bottoms, where the dredge
and trawl cannot be used, but they cannot be depended upon for ob-
taining all the small species, especially of shells and worms. They
capture mainly those kinds of animals which have rough or spiny sur-
faces, such as star-fishes, sea-urchins, corals, bryozoa, rough crabs, &c.,
and those kinds which are disposed to cling to foreign objects, such as
many of the small crustacea, which are often taken in countless numbers
by this means. Star-fishes and sea-urchins are cspecml]y adapted to be
caught by this instrument, and are often brought up in great quanti-
ties. The tangles can be used on all kinds of bottoms, wherever there
are any of those kinds of animals which they are adapted to capture.

The localities where dredgings were made by these various instru-
ments were located on Coast Survey charts as accurately as ’possible,
and were sufficiently numerous to give a pretty satisfactory knowledge
of the nature of the bottom and its inhabitants throughout the region
explored. The total number of casts of the dredges made during the
three months devoted to this work was about 400. A large part of
these, including all the more important ones, have been located on the
map accompanying this report. The more iniportant points where the
temperature of the water was observed have also been indicated on
the map and the temperatures given, the figures above two parallel lines
indicating the surface temperature, those delow such lines indicating
the bottom temperature—thus: £22.

In prosecuting our explorations we soon found that there are, in the
waters of this region, three quite distinct assemblages of animal life,
which are dependent upon and limited by definite physical conditions of
the waters which they inhabit. The first of these includes all those kinds
which inhabit the bottom and shores of Vineyard Sound, Buzzard’s
Bay, and the other similar bodies of shallow water along this coast from



[299] INVERTEBRATE ANIMALS OF VINEYARD SOUND, ETC. 5

Cape Cod westward and southward. These shallow waters consist of
nearly pure sea-water, which has a relatively high temperature, especi-
ally in summer, for it is warmed up both by the direct heat of the sun,
acting on the shallow waters spread over broad sarfaces of sand, and by
water coming directly from the Gulf Stream, and bringing not only its
heat, but also its peculiar pelagic animals. The temperature at the
surface in August was 66° to 72° IFahrenheit. Owing to this influence
of the Gulf Stream these waters never become very cold in winter, for
some of the small, shallow harbors never freeze over. The greater part
of the animals inhabiting these bays and sounds are southern forms.

The second assemblage is a very peculiar one, which inhabits the
estuaries, ponds, lagoons, harbors, and other similar places, where the
water is shallow and more or less brackish, and very warm in summer,
but cold in the winter. The third group inhabits the shores of the
outer islands and headlands and the bottoms in moderately deep water,
outside of the bays and sounds. These outer waters arc comparatively
cold, even in summer, and are no doubt derived from an offshoot of the
arctic current, which drifts southward along our shores in deep water
and always has a tendency to crowd against and up its submarine
slopes, in which it is also aided in many cases by the tides. In August,
the temperature of the surface was 62° to 65°, of the bottom 57° to 62°
. TFahrenheit. The animals inhabiting these cold waters are mostly
northern in character and much like those of the coast of Maine and
Bay of Fundy. The surface waters in the bays and souunds, although
usually somewhat warmer in summer than those outside, differ less in
temperature than the bottom waters. Consequently we find less differ-
ence in the surface animals. We have therefore found it most conveni-
ent to group all the surface animals together, as a special division of
those inhabiting the bays and sounds. In each of the groups or assem-
blages we find that certain kinds are restricted to particular localities,
depending upon the character of the bottom or shore. Thus there will
be species, or even large groups of species, which inhabit only rocky
shores; others which inhabit only sandy shores ; others which dwell in
the muddy places ; and still others that prefer the clean gravelly bottoms
where the water is several fathoms deep, &ec. ‘

I have found it desirable, therefore, in describing the character of the
marine life of this region, to group the animals acecording to the locali-
ties which they inhabit, adopting the three primary divisions given
above, but, for greater convenience of reference, placing all the parasitic
species together in one group. The subdivisions of these groups will
be given under each, in the succeeding pages.

The primary groups will stand as follows:

1. The fanna of the bays and sounds.

2. The fauna of the estuaries and other brackish waters.

3. The fauna of the cold waters of the ocean shores and outer banks
and channels.
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In describing the animals belonging in these different divisions and
subdivisions it has not been found desirable to mention, in this part of-
the report, all the species found in each, but only those that appear to
be the most abundant and important, and especially those that are
known to serve as the food of fishes. But in the general systematic list,
which accompanies this report, all the species of the region, so far as
determined, will be enumerated.

II.—THE FAUNA OF THE BAYS AND SOUNDS.

In Buzzard’s Bay, Vineyard Sound, Nantucket Sound, and Muskeget
Channel, (see map,) the water is shallow, being generally less than 8
fathoms deep, and rarely exceeding 14 fathoms, even in the deepest
spots. It will be seen by reference to the map, on which soundings have
been given and contour lines drawn, representing the zones having
depths below 3, 10, 14, and 20 fathoms, respectively, that the greater
part of Buzzard’s Bay is less than 10 fathoms deep, and that the 3-fathom
curve is nearly parallel with the shore lines, and the same is true of the
6-fathom line, which has not been drawn. The 10-fathom curve is very
irregular and only extends a short distance within the mouth of the bay ;
buat an irregular area, in which the water exceeds 10 fathoms in depth,
the central part over a limited area being about 15 fathoms, is sit-
uated to the west of Penikese, Nashawena, and Cuttyhunk Islands;
this is inclosed on all sides by shallower water. The 14-fathom curve is
situated from four to eight miles farther off and does not enter the bay
at all, showing only a very slight curvature in that direction; yet it
extends far up Narragansett Bay, and to a considerable distance within
the mouth of Vineyard Sound, but, like the 10-fathom line, does not
enter Muskeget Channel or Nantucket Sound at any point, and shows
scarcely any curvature toward those waters, which are very shallow
throughout their whole extent, and much obstructed by banks and
broad shoals of moving sands. The 20-fathom line at nearly all points is
‘situnated far off shore, and does not conform at all to the outline of the
coast. 'There is, however, an area of water exceeding this depth off
Newport, in the mouth of Narragansett Bay.

Vineyard Sound is deeper and much more varied in its depth and in the
character of its bottom than Buzzard’s Bay or Nantucket Sound, and
therefore its fauna is richer in species and the facilities for collecting are
much greater. In Vineyard Sound the 3 fathom curve follows the out-
lines of the shore very closely, and the same istrue of the 6-fathom curve,
which has not been represented on the map. The 10-fathom line when
it enters the mouth of the sound incloses the greater part of its width and
is approximately parallel with its shores, but after it passes the narrowest
part of the sound, between the northern end of Martha’s Vineyard and
Wood’s Hole, it rapidly narrows and is finally interrupted by shallows and
sand-bars after passing Holmes’s Hole, but there are beyond this sev-
eral isolated areas of water exceeding this depth and having their long
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axesnearly parallel with the central axis of the channel, orrather parallel
with the direction of the tidal currents. One of these areas, south of
Osterville, Massachusetts, is 15 fathoms deep, but of no great size.
These deeper depressions are surrounded by banks and ridges of sand,
some of which rise nearly to the surface and form dangerous shoals ; the
shoals, like the deep channels, have their longer axes parallel with the
prevailing tidal currents, but as they are mostly composed of loose
moving sands, they are liable to be altered in form and position by
severe storms,

These moving sands are generally very barren of life, and form true
submarine deserts. Included within and nearly inclosed by the 10-
fathom line, there is, between Martha’s Vineyard and Naushon Island, a
large area of shallower water, which is connected with the shallow
water of the shore at the northern end of Martha’s Vineyard, off the
“West Chop,” near Holmes’s Hole. In some places this shallow rises
nearly to the surface and forms the ¢ middle ground,” and other shoals
parallel with the current that sets through the channels on either side,
and cousequently nearly parallel with the shore of Martha’s Vineyard.
It is evident that this rather extensive bank is due to the action of the
tidal current which sweeps around West Chop toward the mouth of
the sound, following the direction of the deeper channels, the projecting.
point at West Chop furnishing a lee in which the movement of the
water is retarded and the sediment deposited; but this action is modi-
fied by the tidal current which enters the mouth of the sound and flows
in the opposite direction, for although this current is somewhat less
rapid, its duration is longer, especially that branch of it which flows
between the Middle Ground Shoal and Martha’s Vineyard, for this flows
eastward seven hours and twenty-six minutes, while the opposite cur-
rent flows westward for only four hours and thirty-four minutes; the
effect of the current lowing eastward would, therefore, be to keep this
channel from filling up by the sediments carried along by the westward
currents. The same effect would be produced in the main channel, out-
side of this shoal, although the difference in the duration of the flow
in the two directions is there less, the eastward flow lasting six hours
and fifteen minutes, while the westward tide lasts five hours and forty-
five minutes.

Similar causes determine, without doubt, the position of all the other
shoals and banks of sand in this region, as well as the existence of the
isolated deep areas between them, but in many cases the direction of
the wind-waves produced by the more violent storms must betaken into
account. The 14-fathom line extends into the mouth of the sound, as
far as a point opposite Nashawena Island; and beyond this there are
several isolated areas which are of this depth; the most extensive of
these is opposite the southern half of Naushon Island and in a line with
the main channel at the mouth of the sound. Since the tides are greater
in Buzzard’s Bay than in Vineyard Sound, and neither the times of low
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water and high water, nor the relative duration of the ebb and flow are
coincident, very powerful currents set through the passages, between
the Elizabeth Islands, connecting these two bodies of water. This is
most noticeable in the case of Wood’s Hole, because there the channel
is narrow and shallow, and much obstructed by rocks. These channels
are, therefore, excellent collecting grounds for obtaining such animals
as prefer rocky bottoms and rapidly flowing waters.

The shores of Vineyard Sound and Buzzard’s Bay are quite diversified
and present nearly all kind of stations usually found in corresponding
latitudes elsewhere, except that ledges of solid rock are of rare occur-
rence, but there are numerous prominent points where the shore con-
sists of large rocks or boulders, which have been left by the denuda-
tion of deposits of glacial drift, forming the cliffs along the shores.
Sandy beaches are frequent, and gravelly and stony ones occasionally
occur. Muddy shores are less common and usunally of no great extent.

In Buzzard’s Bay the bottom is generally muddy, except in very
shallow water about some of the islands, where patches of rocky bot-
tom occur, and opposite some of the sandy beaches where it is sandy
over considerable areas. Tracts of harder bottom, of mud or sand,
overgrown with algee, occasionally occur. In Vineyard Sound the bot-
tom is more varied. It is sandy over large districts, especially where
the shoals occur, and in such places there are but few living animals,
though the sand is often filled with dead and broken shells, but in
other localities the sand is more compact and is inhabited by a peculiar
set of animals. Other extensive areas have a bottom of gravel and
small stones and broken shells; on such bottoms animal life is abun-
dant, and the entire bottom seems to be covered in some places by sev-
eral kinds of compound ascidians, which form large masses of various
shapes, often as large as a man’s head. In still other places, chiefly off
rocky points and in the channels between the islands, rocky bottoms.
occur, but they are usually of small extent. Muddy bottoms are only
occasionally met with. They occur in most of the deep areas which are-
isolated, and sometimes in the deep channels, but are more common in
sheltered harbors and coves.

In Nantucket Sound and Muskeget Channel the bottom is almost
everywhere composed of sand, and the same is true of an extensive:
area to the east and nortbeast of Nantucket Island, where shoals of
moving sand are numerous and often of large size, but in the partially
sheltered area on the north side of Nantucket, there is more or less mud
mixed with the sand. :

For greater convenience the following subdivisions have been adopted.
in describing the animals of the bays and sounds:

1. Rocky shores, between high-water and low-water marks.
2. Sandy and gravelly shores.

3. Muddy shores and flats.

4. Piles of wharves, buoyss &ec.
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Rocky bottoms below low-water mark.
Stony, gravelly, and shelly bottoms.
Sandy bottoms.

Muddy bottoms.

Free-swimming and surface animals.

. Parasitic animals.

It must, however, be constantly borne in mind that very few kinds
of animals are strictly confined to any one of these subdivisions, and
that the majority are found in two, three, or more of them, and often in
equal abundance in several, though each species generally prefers one
particular kind of locality. In other cases the habits vary at different
seasons of the year, or at different hours of the day and night, and
such species may be found in different situations according to the times
when they are sought. The more common and characteristic species
are, however, pretty constant in their habits and may be easily found
in their respective stations at almost any time.

Since those animals that inhabit the shores, between tides, are most
frequently seen and can be most easily obtained and studied by those
who are not professional naturalists, I have entered into more details
concerning their habits and appearances than in the case of those
obtained only by dredging. Such species as have not been previously
named and described in other works will be more fully described in the
systematic list, to follow this report, and references will there be given
to descriptions of the others.

LrRAST

-
=)

IT.—1. ANIMALS INHABITING THE ROCKY SHORES OF THE BAYS AND
SOUNDS.

The principal localities where these animals were studied and col-
lected are at Nobska Point, just east of Wood’s Hole; Parker’s Point,
between Great Harbor and Little Harbor, near Wood’s Hole; the neck
of land north of Wood’s Hole Channel; several localities on Naushon
and the adjacent islands; and numerous localities on theshores of Long
Island Sound, as gt-Savin Rock and_ Light-House Point, near New
Haven; Stony Creek; Thimble Islands, &c.

In all these places the rocks, in a zone extending from near low-
water mark of ordinary tides to mear half tide, are generally covered
with an abundance of ¢ rock-weeds,” (f'ucus nodosus and F. vesiculosus,)
which hang in great olive-brown clusters from the sides of the rocks
or lie flat upon their surfaces when left by the tide, but are floated up
by means of their abundant air-vessels when the tide rises. Mingled
with these are several other alge, among which the green ¢ sea-cabbage ”
(Ulva latissima) is one of the most abundant. Below this zone of
Fucus there is a narrow zone which is only exposed during spring-tides;
in this the Ulva and many other more delicate green and red alga
flourish. Above the Fucus-zone there is another zone of considerable
width which is covered for a short time by every tide ; and still higher
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up another zone which is ordinarily only washed by the waves and spray,
but is in part occasionally covered by unusually high tides. As the
tides do not rise very high in this region these zones are all much nar-
rower and less distinctly marked than on the coast further north, and
especially on the coast of Maine and in the Bay of Fundy, but yet they
can always be easily recognized and distinguished by their peculiar forms
of animal and vegetable life. Pools of sea-water left by the tide fre-
quently occur in each of these zones, among the rocks, and afford
excellent opportunities for studying and collecting the animals. .

The animals of rocky shores are to be sought for in a variety of ways.
A few occur quite exposed, clinging to the rocks or weeds, in defiance of
the surf. These are chiefly univalve shells, barnacles, and such animals
as grow like plants, firmly attached to solid objects, among these are
the bryozoa, hydroids, and sponges. A much larger number seek shel-
ter under the rocks, or on their lower sides, or in crevices and cavities
between them ; these must be songht by turning over the rocks and ex-
ploring the crevices concealed by the Fucus, &c. Many other species
conceal themselves still more effectually by burrowing in the mud,
gravel, and sand beneath and between the rocks; these are often
uncovered in turning over the rocks, but must also be sought for
by digging with a spade, stout trowel, or some other tool, in the
dirt exposed when the rocks are removed. The number of curious
species of annelids, holothurians, bivalve-shells, actinise, &c., which
can be unearthed in this way is always very surprising to the inexpe-
rienced in this kind of collecting. Still other kinds can be found by
carefully examining the pools and discovering the smaller animals by
their motions, or by the shadows that they cast when the sun shines,
or by noticing their burrows, or, if time will not admit of a more care-
ful examination, by sweeping a fine hand-net through the weeds along
the edges. Many small crustacea, shells, etc., may also be found cling-
ing to the corallines and other algee growing in such pools, or even
among the algae lying upon the rocks, and especially among masses of
detached algee, thrown up by the waves..

In the uppermost zone the animals are of comparatively few kinds,
but these usually occur in great abundance. The most conspicuous is,
perhaps, the common ¢ rock-barnacle?” or ¢ acorn-shell,” Balanus bal-
anotdes, which adheres firmly to the rocks by its base and can resist
the most violent surf, even on the outer ocean shores. When left by
the tide these dull white conical shells are not calculated to attract
much attention, except on account of their vast numbers, for they
sometimes completely whiten the rocks for long distances along the
zone in which they flourish best, and even so crowd against each other
that they cannot assume their normal form, but become greatly elon-
gated. But when the tide comes in, each one lifts up the double-door
which closes the aperture at the summit of the shell and puts out an
organ, bearing a cluster of gracefully curved and fringed arms, which
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it quickly sweeps forward with a grasping motion and then quickly
withdraws, as it’ in search of food, and this motion will be repeated with
great regularity for a long time, unless the creature be disturbed, when
it instantly withdraws its net and closes its doors. No one who will
take the trouble to examine this little animal, when in active operation
in one of the tide-pools, can fail to admire its perfect adaptation to its
mode of life and the gracefulness of its motions. The movement
referred to serves not only to obtain food, which, in the form of micro-
scopic animals, is always abundant in the water, but also to supply
fresh currents of water for respiration. This creature is also well worthy
of mention here because it serves as food for the tautog, and probably
for other fishes that can obtain it at high water.

Two species of small univalve shells (Littorina) are always to be found
in abundance clinging to the surface of the rocks, or among the sea-
weeds, or creeping about in the tide-pools. These are often found quite
up to high-water mark, but the full-grown ones are more common lower
down among the *“‘rock-weeds.” One of these (Plate XXI1V, fig. 133)
is subglobular in form, the spire being depressed and the aperture wide.
This is the Littorina palliata. 1t varies much in color ; the most com-
mon color is dark olive-brown, not unlike that of the Fucus, but orange-
colored and pale yellow specimens are not uncommon, while others are
mottled or banded with yellow or orange and brown. The second spe-
cies is more elongated and has a more elevated and somewhat pointed
spire. This is Littorina rudis, and it has many varieties of form, color,
and sculpture; one of its varieties is represented on Plate XXIV, fig. 137.
Some specimens are smooth, others are covered with revolving lines or
furrows; in color it is most frequently dull gray, olive-green, or brown,
but it is often prettily banded, checked, or mottled with yellow or orange,
or even black, and sometimes with whitish. This species is viviparous.
These shells are both vegetarians and feed upon the algee among which
they live. Another allied shell, the Lacuna wvincta, (Plate XXMV, fig.
139,) is found clinging to the sea-weeds at low-water mark and some-
times in the tide-pools. This is usually pale reddish or purplish
brown, or horn-colored, and most commonly is encircled by two or more
darker, chestnut-colored bands. This also feeds upon the alg=. Asso-
~ciated with the last, two or three other kinds of small shells are gener-
ally found. One of the most abundant of these is the Bitttum nigrum,
(Plate XXIV, fig. 154,) which is, as its name implies, generally black,
especially when young, but large specimens are often only dark brown
or even yellowish brown below ; it occurs in great abundance, clinging
to the sea-weeds and eel-grass at and below low-water mark, and is also
to be found in the tide-pools and on the under sides of rocks. Associated
with the last, and resembling it in form and color as well as in habits,
another much less common species occurs, which is remarkable for hav
ing its whorls reversed, or coiled to the left, in the direction opposite to
that of most other shells. This is the Zriforis nigrocinctus, (Plate
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XXIV, fig. 152.) This species is more at home at the depth of a few
fathoms, among alge. Another still smaller and lighter colored species,
which often c¢ccurs abundantly in similar situations, both on algee
and under stones, is the Rissoa aculeus, (Plate XXI1IV, fig. 141,) but this
generally seeks more sheltered situations. All these shells feed upon
the alge. With them there can usually be found large numbers of sev-
eral carnivorous species. The most abundant one is a small but pretty
shell, having a smooth surface and quite variable in color, though usually
reddish or purplish brown, and irregularly mottled or banded with yel-
lowish or whitish, the light-colored spots often taking the form of cres-
cents, and varying much in size and number.. Thisis the Astyris lunata,
(Plate XXI, fig. 110.) It lives among the alge, and also among
hydroids, and may be found in almost all kinds of localities, both above
and below low-water mark. Itis usually abundant on the under sides
of rocks among hydroids, &ec., and can nearly always be found in
the tide-pools. Amnother allied species of larger size, and much less
common, the Anachis avara, (Plate XXI, fig. 109,) often occurs with it.
Clinging to the rocks, or sheltered in the crevices and on their under sur-
faces, a miuch larger, dull-white or grayish, roughly-sculptured shell can
usually be found in abundance. This is the Urosalpinx cinerea, (Plate
XXI, fig. 116,) which the oystermen call ¢ the drill,” a name very suggest-
ive of its habits, for it gets its living, like many other similar univalve
shells, by drilling a round hole, by means of the sharp, flinty teeth that
cover its tongue, through the shells- of oysters and other bivalves and
then sucking out the contents at its leisure. It is wusually very abun-
dant on the oyster-beds, and often proves very destructive. Amnother
shell of about the same size, somewhat resembling the last, and having
similar habits, is often found associated with it on the more exposed
rocky points, as at Nobska Point, the Wepecket Islands, &c. This is,
however, a very northern and arctic shell, which extends also around
the northern coasts of Europe, and is callel Purpura lapillus, (Plate
XXI, figs. 118 and 119;) it is here near its southernmost limits, for it
is not not found in Long 1sland Sound, or farther south; while the former
is a southern shell, abundant on the whole southern coast as far as the
Gulf of Mexico, and rare north of Cape Cod, except in a few special
localities of sheltered and warm waters. The Purpura is seldom found
living much below low-water mark, and prefers the exposed rocky head-
lands on the ocean shores, where it lourishes in defiance of the break-
ers. It lays its eggs in smooth, vase-shaped capsules, attached to the
sides or under surfaces of stones by a short stalk, and usually arranged
in groups, (Plate XXI, fig. 120.) The eggs of ¢ the drill” are laid in
similar places, but the capsules have very short stalks, or are almost
sessile, and are compressed, with an ovate outline, and angular ridges
pass down their sides. The ¢ limpet,” another northern and European
shell, having a low conical form, is occasionally found clinging to the
rocks at low-water in this region, but is far more common north of
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Cape Cod. This shell is the Acmea testudinalis, (Plate XXIV, figs.
159, 159a ;) it is extremely variable in color, but is most common]y radi-
ated checked, or tesselated with brown, pale greenish, and white. It
grows much larger on the coast of Maine than here. A peculiar narrow
form of this shell, (var. alveus,) represented by fig.159), lives on the leaves
of eel-grass. Beneath the rocks, and generally attached to their under
sides, among hydroids, bryozoa, &c., several species of small, slender,
pointed, and generally whitish shells occur, which belong to the genus
Odostomia. The most common of these are 0. trifida, (Plate XXI1V,
tig. 145,) O. bisuturalis, (Plate XXIV, fig. 146,) and O. fusca, (Plate
XXI1V, fig. 144,) but other similar species are often to be found. These
all have the singular habit of spinning a thread of mmucus by means of
which they can suspend themselves from any surface. In confinement
they will often creep along the surface of the water, using the bottom of
the foot as a float, in a manner similar to that of many fresh-water
shells. On the under sides of rocks are occasionally found some very
beautiful and interesting naked mollusks; but this group of animals is
far less abundant in this region than farther north. The largest and
finest species observed here is the Doris bifida, (Plate XXV, fig. 176,)
which grows to be about an inchlong. Its body is deep purple, specked
with white and bright yellow, and the beautiful wreath of gills is cov-
ered with bright golden specks ; the ends of the tentacles are also bright
yellow. Its eggs are contained in convoluted gelatinous ribbons, which
are attached to the under sides of rocks ox in crevices. Another rare
and curious species, the Doridella obscura, (Plate xxv, fig. 173,) is occa-
sionally found on the under side of stones. This is a small, oval, flat-
tened species, of a dark brown or blackish color, with small, white re-
tractile tentacles on the back, but the gills are very small and situated
underneath, near the posterior end of the body, in the groove between
the mantle and foot. The eggs are inclosed in a delicate gelatinous
string, which is coiled up something like a watch-spring, and attached
to the under side of stones.

Of bivalve shells several species are common on rocky shores, espe-
cially in the crevices and under the rocks. Three kinds of muscles are
usually met with. The species which lives at high-water mark, clus-
tering about the small upper pools and in the crevices, and having  its
shell ribbed with radiating ridges and furrows, is the Modiola plicatula,
(Plate XXX, fig. 238.) This species is far more abundant, however,
along the borders of estuaries and on salt marshes and muddy shores,
always preferring the upper zone, where it is covered for a very short
time by the tide. The most common species among the rocks, toward
low-water mark, and in the larger pools, is the Mytilus edulis, (Plate
XXXI, tig. 234,) which is the ¢ common muscle” all along our coast
from North Carolina to the Arctic Ocean. It is perfectly identical with
the common muscle of Kurope, which there forms a very important ar-
ticle of food, and in many places, as on the coast of Franeé, is exten-
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sively cultivated for the market. On our coast it is seldom used as
food, although quite as good as on the European shores; but it is col-
lected on some parts of our coast in vast quantities to be used for fer-
tilizing the soil. It is most abundant in the shallow waters of bays and
estuaries, where the water isa little brackish, bat flourishes weilin almost
all kinds of situations where there is some mud, together with solid ob-
jects to which it can attach itself. Along the coasts of Long Island and
New Jersey it is taken in almost incredible quantities from the shallow
sheltered baysand lagoonsthat skirt those shores. It grows very rapidly
and underfavorable conditions becomes full grown in one season, Like all
other kinds of truemuscles,ithasthe power of spinning strong threads by
means of the groove in its long, slender foot, and, by extending the foot,.
glues them firmly by one end to rocks, shells, or any other solid sub-
stances, while the other end is firmly attached to its body. When they
attach their threads to their neighbors they form large clusters. Thus
a very firm and secure anchorage is ecffected, and they are generally
able to ride out the most violent storms, though, by the giving way of
the rocks or shells to which they are attached, many are always stranded
on the beaches after severe storms. They are not confined to the shal-
low waters, for very large specimens were dredged by me, several years
ago, in 40 to 50 fathoms in the deep channels between Eastport, Maine,.
and Deer Island, where the tide runs with great force ; and it has since
been dredged by our parties in still deeper water in the same region,
showing that it can live and prosper equally well under the most di-
verse conditions. The specimens from sheltered localities and sandy
bottoms are, however, mach more delicate in texture and more brilliant
in color than those from more exposed situations. Some of the thinner
and more delicate specimens, fromn quiet and pure waters, are transla-
cent and very beautifully colored with brown, olive, green, yellow, and
indigo blue, alternating in radiating Dbands of different widths; while
others are nearly uniform pale yellow, or translucent horn-color. Those
from the exposed shores are generally thicker, opaque, and plain dull
brown, or bluish black, and not unfrequently they are very much dis-
torted. This species breeds early in the spring. I have found immense
numbers of the young, about as large as the head of a pin, which had just
attached themselves to algse, hydruvids, &c., on the 12th of April. These
shells are not destined to remain forever fixed, however, for they not
only swim free when first batched, but even in after life they can, at.
will, let go their anchor-threads, or ¢ byssus,” and creep about by
means of their slender ¢ foot,” until they find another anchorage that
suits them better, and they can even. climb up the perpendicular
sides of rocks or piles by means of the threads of the ¢ byssus,” which
they then stretch out and attach, one atter another, in the direction
they wish to climb, each one being fastened a little higher up than
the last. Thus, little by little, the heavy shell is drawn up, much in
the manner employed by some spiders when moving or suspending an.
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unusually large victim. This common muscle is not only useful to man
directly as food, and as a fertilizer, but it serves as an important article
of food for many fishes, both in its young stages and when full grown.
The tantog makes many a hearty meal on the full-grown shells, as do
several other kinds of fishes, while the ¢ scuap” and others devour the
young. The common star-fishes feed largely upon muscles, as well as
oysters, and they also have many-other enemies. A small parasitic
crab, Pinnotheres maculatus, lives in their shells, between their gills,
in the same manner as the common Pinnotheres ostreum lives in the oys-
ter. Another larger muscle, sometimes called the ¢ horse-muscle,”
which is the Modiola modiolus, (Plate XXX, fig. 237,) lives at extreme
low-water mark in the crevices between the rocks, and usually nearly
buried in the gravel and firmly anchored in its place. Sometimes it oc-
curs in the larger pools, well down toward low-water mark. It is, like
the last, a northern species, and extends to the Arctic Ocean and North-
ern Lurope. It is much more abundant on the northern coasts than
here, and, although it is almost entirely confined to rocky shores and
bottoms, it extends to considerable depths, for we dredged it abun-
dantly in the Bay of Fundy, at various depths, down to 70 fathoms.
Like the preceding, it is devoured by the tautog and other fishes. Its
thick shell, covered with a glossy, chestnut epidermis, and rudely hairy
toward the large end, are points by which it can easily be recognized,
and its'shape is also pecaliar. The common “long clam,” Mya arena-
ria, (Plate XXVI, fig. 179) is very often met with buried in the sand
and gravel beneath stones and rocks,-but it is far more abundant on
sandy and muddy shores, and especially in estuaries, and will, there-
fore, be mentioned with more details in another place. )
Another shell, somewhat resembling the ¢long clam,” but never
growing so large, and more cylindrical in form though usually much
distorted, is occasionally met with under the rocks or in crevices. This
is the Saxicava arctica, (Plate XXVII, fig. 192.) It is much more
abundant fartber north, and has a very extensive range, being found on
most coasts, at least in the northern hemisphere. On those coasts
where limestone exists it has the habit of burrowing into the limestone,
after the manner of Lithodomus and many other shells. The only lo-
calities on our coast where I have observed this habit are at Anticosti
Island, in the Gulf of Saint Lawrence, where the soft limestones are
abundantly perforated in this way. On the New England coast lime-
stones rarecly occur, and they have to be content with such cracks and
crannies as they can find ready made ; consequently their shells, in
growing tofittheir places, become very much distorted. This speciescan
also form a byssus, when needed, to hold its shell in position. The
siphon-tube is long and much resembles that of Mya, (see fig. 179,)
but is divided at the end for a short distance, and generally has a red-
dish color. The ¢ bloody clams,” Secapharca transversa, (Plate XXX,
fig. 228,) and Argina perata, (Plate XXX, fig. 227,) are occasionally
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met with at low water, under or among rocks, and generally attached
by a byssus, but their proper home is in the shallow waters off shore,
especially on muddy, shelly, and gravelly bottoms. The fishermen call
them ¢ bloody clams,” because the gills are red, and when opened they
discharge a red fluid like blood. The little shell called Kellia planulata
(Plate XXX, fig. 226) is also sometimes found under stones at low
water. Attached to the sides and surfaces of rocks and ledges along
many parts of this coast, young oysters, Ostrewa Virginiana, often

oceur in vast numbers, sometimes completely covering and concealing

large surfaces of rocks. DBut these generally live only through one
season and are killed by the cold of winter, so that they seldom Dbe-
come more than an inch or an inch and a half in diameter. They come
from the spawn of the oysters in the beds along ouar shores, which, duar-
ing the breeding season, completely fill the waters with their free-
swimming young. Theyare generally regarded as the young of ‘“native?”
oysters, but I am unable to find any specific differences between the:
northern and southern oysters, such differences as do exist being due

‘merely to the circumstances under which they grow, such as the char-

acter of the water, abundance or scarcity of food, kind of objects to
which they are attached, age, crowded condition, &c. All the forms
occur both among the northern and southern ones, for they vary from
broad and round ‘to very long and narrow; from very thick to very
thin ; and in the character of the surface, some being regularly ribbed
and scolloped, others nearly smooth, and others very rough and irregular,
or scaly, &c. When young and grown under favorable conditions,
with plenty of room, the form is generally round at first, then quite
regularly oval, with an undulated and scolloped edge and radiating
ridges, corresponding to the scollops, and often extending out into
spine-like projections on the lower valve. The upper valve is flatter,
smooth at first, then with regular lamellie or scales, scolloped at the
edges, showing the stages of growth. Later in life, especially after the
first winter, the growth becomes more irregular, and the form less sym-
metrical ; and the irregularity increases with the age. Very old speci-
mens, in crowded beds, usually become very much elongated, being
often more than a foot long, and perhaps two inches wide. In the
natural order of things this was probably the normal form attained by the
adult individuals, for nearly all the oyster-shells composing the ancient
Indian shell-heaps along our coast are of this much-elongated kind.
Nowadays the oysters seldom have a chance to grow to such a good old
age as to take this form, though such are occasionally met with in deep
water. The young specimens on the rocks are generally mottled or .ir-
regularly radiated with brown. They were not often met with on the
shores of Vineyard Sound, for oysters do not flourish well in that sandy
region, though there are extensive beds in some parts of Buzzard’s
Bay, and a few near Holmes’s Hole, in a sheltered pond. The oysters
prefer quiet waters, somewhat brackish, with a Dbottom of soft mud
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containing an abundance of minute living animal and vegetable organ-
isms. In such places they grow very rapidly, and become fat and fine-
flavored, if not interfered with by their numerous enemies. I shall
have occasion to speak of the oyster again, when discussing the fauna
of the estuaries, &c.

Another shell, related to the oyster and like it attached by one valve
to some solid object, is common, adhering to the under sides and edges
of rocks near low-water mark. This is the Anomia glabra, (Plate
XXXII, figs. 241, 242,) and it is often called ‘‘silver-shell” or ¢ gold-
shell” on account of its golden or silvery color and shining luster; and
sometimes ¢ jingle-shell” from its metallic sound when rattling about on
the beach with pebbles, &c. This shell, however, does not grow firmly
to the rock like an oyster, but is attached by a sort of stem or peduncle,
which goes out through an opening in the side of the lower valve ; this
is soft and fleshy at first, but late in life often becomes ossified, or rather
calcified, and then forms a solid plag. .

Of the lower classes of Mollusca, several Ascidians and Bryozoa
occur under and among the rocks. Among the former the Molgula
Manhat®ensis (Plate XXXIII, fig. 250) is the most common. This
usually has a subglobular form, especially when its tubes are con-
tracted, and is almost always completely covered over with foreign mat-
ters of all sorts, such as bits of eel-grass and sea-weeds, grains of sand,
&e: When these are removed its color is dark or pale olive-green,
and the surface is a little rough. This species is often attached to the
underside of rocks, but is still more frequently attached to sea-weeds
and eel-grass, and is sometimes so crowded as to form large clusters.
Another species, having some resemblance to the last when contracted;
is the .Cynthia partita, (Plate XXXIII, fig. 246,) but besides the great
difference in the tubes and apertures, this has a rougher and wrinkled
surface and a rusty color. The specimens that grow on the under
sides of stones are often much flattened, as in the figure, but it grows
more abundantly attached to the piles of wharves and on shelly bot-
toms in shallow waters, off shore, and in such places assumes its more
normal erect position, and a somewhat cylindrical form. Each aper-
ture is marked with four alternating triangles of flake-white and pur-
plish red. This and the preceding are eaten by the tautog. Most of
the other ascidians are much more at home on the bottom, off shore,
although some of them sometimes occur at low-water on rocks or in
pools. :

A delicate and elegantly branched bryozoan, the Bugula turrita,
(Plate XXXIV, figs. 258, 259,) is often found attached to sea-weeds in
the pools, and it is also frequently thrown up in large quantities by the
waves, after storms. A smaller kind, with slender, ivory-white, and
stellate branches, the Crisia eburnea, (Plate XXXIV, figs. 260, 261,)
also occurs on the sea-weedsinpools. And with thisisacoarser species,
which forms calcareous crusts and tubercles, having the surface covered

2v '
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with the prominent tips of the tubes; thisis the Cellepora ramulosa, and
like the Crisia it is a northern species, which inhabits also the shores
of northern Europe. Still other species of -bryozoa occur in these situ-
ations. One of the most abundant is Aleyonidium hispidum, which
forms soft gelatinous indrustations around the stems of Fucus. On the
under sides of the stones several additional kinds occur, the most common
of which is the FEscharella variabilis, (Plate XXXIII, fig. 256,) which
forms broad calcareous crusts, often several inches across, and of some
thickness, composed of small perforated cells. While living this species
is dark-red or brick-red, but it turns green when dried, and then
fades to yellow, and finally to white. It is far more abundant on shelly
bottoms, off shore, in 3 to 10 fathoms of water, and in such places often
covers every stone, pebble, and shell, over wide areas, and in some
cases forms rounded coral-like masses two or three inches in diameter
and more than an inch fhick.

Crustacea in considerable numbers may also be found upon the
rocky shores. Of crabs four or five species are common, concealed
under the rocks and in erevices. : The ¢ green crab,” Carcinus granu-
latus, oceurs quite frequently well up toward high-water markghiding
under the loose stones, and nimbly running away when disturbed. It
may also be found, at times, in the larger tidal pools. Its bright green
color, varied with spots and blotches of yellow, makes this species quite
conspicuous. The common ¢“‘rock-crab,” Cancer irroratus, is generally
common -under the large rocks near low-water mark and often lies
nearly buried in the sand and gravel beneath them. This species is
usually larger than the preceding, often becoming three or four inches
across the shell, and though less active it uses its large claws freely
and with force. 1t can be easily distinguished by having nine. blunt
teeth along each side of the front edge of its shell or carapax, and by
its reddish color sprinkled .over with darker brownish dots. This crab
also occurs in the pools, where the comical combats of the males may
sometimes be witnessed. It is not confined fo rocky shores, but is com-
mon also on sandy shores, as well as on rocky and gravelly bottoms off
shore. It is widely diffused along our coast, extending both north and
south, and is common even on the coast of Labrador. Like all the
other species of crabs this is greedily devoured by many of the larger
fishes, such as cod, haddock, tautog, black-bass, and especially by
sharks and sting-rays. Two smaller kinds of crabs are also very abun-
dant under the stones, especially where there is some mud. These are
dark olive-brown and have the large claws broadly tipped with black-
They are often called mud-crabs on account of their fondness for muddy
places. One of these, the Panopeus depressus, (Plate I, fig.3,) is decid-
edly flattened above, and is usually a little smaller than the second,
the Panopeus Sayi, which is somewhat convex above. They are usually
found together and have similar habits. A third small species of the
same genus is occasionally met with under stones, but lives rather
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higher up toward high-water mark, and is comparatively rare. This is
the Panopeus Harrisit. 1t can be easily distinguished, for it lacks the
blaeck on the ends of the big claws and has a groove along the edge of
the front of the carapax, between the eyes. This last species is also
_found in the salt marshes, and was originally discovered on the marshes
of the Charles River, near Boston. All the species of Panopeus are south-
ern forms, extending to Florida, or to the gulf-coast of the Southern
States, but they are rare north of Cape Cod, and not found at all on
the coast of Maine. They contribute largely to the food of the tautog
and other fishes. The lobster, Homarus Americanus, is sometimes found
lurking under large rocks at low-water, but less commonly here than
farther north, as, for instance, about the Bay of Fundy. In this region
it lives also on sandy and gravelly bottoms, off shore, but in rather
shallow water. It is an article of food for many fishes, as well as for
man. Active and interesting little ‘‘hermit-crabs,” Fupagurus longi-
carpus, are generally abundant in the pools near low-water, and con-
cealed in wet places beneath rocks. In the pools they may be seen
actively running about, carrying upon their backs the dead shell of
some small gastropod, most commonly Anachis avara or Ilyanassa
obsoleta, though all the small spiral shells are used in this way. They
are very pugnacious and nearly always ready for a fight when two
happen to meet, but they are also great cowards, and very likely each,
after the first onset, will instantly retreat into his shell, closing the
aperture closely with the large claws. They use their long slender
antennge very efficiently as organs of feeling, and show great wariness
in ‘all their actions.. The hinder part of the body is soft, with a thin
skin, and one-sided in structure, so as to fit into the borrowed shells,
while near the end there are appendages which are formed into hook-
like organs by which they hold themselves securely in their houses, for
these spiral shells serve them both for shields and dwellings. This
species also occurs in vast numbers among the eel-grass, both in the
estuaries and in the sounds and bays, and is also frequent on nearly all
other kinds of bottoms in the sounds. Itis a favorite article of food
for many of the fishes, for they swallow it shell and all. A much
larger species, belonging to the same genus, but having much shorter
and thicker claws, (Bupagurus pollicaris,) isalso found occasionally under
the rocks at low-water, but it is much more common on rocky and shelly
bottoms in the sounds and bays. Its habits are otherwise similar to the
small one, but it occupies much larger shells, such as those of Lunatia
heros, Fulgur carica, &c. This large species is devoured by the sharks
and sting-rays.

The Amphipods are also well represented on the rocky shores by
a considerable number of species, some of which usually ocecur in
vast numbers. These small crustacea are of great importance in con-
nection with our fisheries, for we have found that they, together with the
shrimps, constitute a very large part of the food of most of our more valu-
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able edible fishes, both of the fresh and salt waters. The Amphipods, though
mostly of small size, occur in such immense numbers in their favorite
localities that they can nearly always be easily obtained by the fishes
that eat them, and no doubt they furnish excellent and nutritious food,
for even the smallest of them are by no means despised or overlooked
even by large and powerful fishes, that could easily capture larger
game. Even the voracious blue-fish will feed upon these small crusta-
cea, where they can be easily obtained, even when-menhaden and other
fishes are plenty in the same localities. They are also the favorite
food of trout, lake white-fish, shad, flounders, scup, &c., as will be seen
from the lists of the animals found in the stomachs of fishes. One
species, which occurs in countless numbers beneath the masses of decay-
ing sea-weeds, thrown up at high-water mark on all the shores by the
waves, is the Orchestia agilis SMITH, (Plate IV, fig. 14,) which has
received this name inallusion to the extreme agility which it displays in
leaping, when disturbed. The common name given toitis * beach-flea,”
which refers to the same habit. Its color is dark olive-green or brown,
and much resembles that of the decaying weeds among which it lives,
and apon which it probably feeds. It also constructs burrows in the
sand beneath the vegetable debris. It leaps by means of the append-
ages at the posterior end of the body. ~

A much larger species, and one of the largest of all the amphipods, is
the Gammarus ornatus, (Plate 1V, fig. 15,) which occurs in great num-
bers beneath the stones and among the rock-weed near low-water mark.
The males are much larger than the females, and sometimes become
nearly an inch and a half long. They cannot leap like their cousins
that live at high-water mark, but skip actively about on their sidés
among the stones and gravel, until they reach some shelter, or enter
the water, when they swim rapidly in a gyrating manner back down-
ward, or sideways. But although they can swim they are seldom
met with. away from the shore or much below low-water mark: The
zone of Fucus is their true home. This species is abundant on all our
shores, wherever rocks and Fucus occur, from Great Egg Harbor, New
Jersey, to Labrador. Its color is generally olive-brown or reddish-
brown, much like that of the Fucus among which it lives. The only
good English name that 1 have ever heard for these creatures is that of
‘““scuds” given by a small boy, in reference to their rapid and peculiar
motions. : : :
- Another smaller species, Gammarus annulatus SMITH, frequently oc-
curs under stones in similar places, but usually a little higher up. This
is a pale species, having darker bands, with red spots on the sides of
the abdomen. Still higher up, G. marinus often occurs.

With the Gammarus ornatus another, much smaller, light slate-colored
amphipod is generally to befound. This isthe Melita nitida SiTH. Its
habits appear to be similar to those of the Gammari. Another small
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species, found in the same situations, is the Mera levis SMITH ; this is
whitish in color, with black eyes. -

Two species of the genus Amphithoé¢ also live under rocks at low water,
but these, like the other species of this genus, construct tubes in which
they dwell. The Amphithoé¢ maculata (Plate1V, fig. 16)is much the larger,
and constructs large, coarse tubes of gravel, bits of sea-weed, &c., and
attaches them in clusters to the under sides of stones. They often leave
their tnbes, however, and may be found free among the weed or under
stones. The color is generally dark green, though sometimes reddish,
and there is often a series of light spots along the back, and the whole sur-
face is covered with minute blackish specks; the eyes are red. The
second species, Amphithoé valida SMITH, is much smaller, being gener-
ally less than half an inch long. It isusunally bright green in color, and
has black eyes. It often lives among the bright green fronds of Ulva
latissima, and its color is nearly that of the Ulva.

Another amphipod, resembling a small Gammarus, about half an inch
long, and light olive-brown or yellowish brown in color, is sometimes
found in large numbers swimming actively about in the larger tidal
pools, and occasionally darting into the growing sea-weeds for rest or
concealment. This is the Calliopius leeviusculus. 1t also often occurs
in vast numbers swimming at the surface, far from land, not only in the
sounds and bays, but out at sea, as for instange in the vicinity of St.
George’s Bank and in the Gulf of St. Lawrence, where it is equally
abundant. It is devoured in large quantities by numerous fishes.
The Hyale littoralis occurs near high-water, among algz, and in pools.

The Isopods are also well represented on the rocky shores. One
of the most common is the Spharoma quadridentata, (Plate V, fig.
21,) which bears some resemblance, both in form and habits, to the
¢ pill-bugs,’ which live upon the land. This species is found in abun-
danceunderstonesandrocks,orcreepingslowly aboutamong the branches
and roots of sea-weeds, on their sides and upper surfaces, from low-
water mark mnearly up to high-water mark. In color it is exceedingly
variable, for no two can be found that are alike ; but the colors, consisting
of irregular blotches and dashes of dark gray, light gray, slate, greenish,
and white, are so blended as toimitate very closely the colors of the bar-
nacles and gray surfaces of the rocks where they live, and no doubt
they derive considerable protection from their enemies by these imita-
tive colors. When disturbed they curl themselves up in a ball and fall
to the bottom.

Another smaller and much more active species, which has a more
slender form, is found in vast numbers creeping actively about over the
rocks and barnacles, and especially beneath rocks and drift-wood. This
is the Jwra copiosa. It is also excessively variable in color, but shades
of green, gray, and brown predominate, and cause it to imitate very ef-
fectively the surfaces of the rocks covered with small green alga, where
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it loves to dwell. It is found nearly up to high-water mark, and has a
wide range both northward and sounthward along the coast.

Another -very common and much larger isopod is the Idotea  irro-
rata, (Plate V, fig. 23,) which grows: to be nearly an inch long. Its
colors are extremely varied. Often the general color is-dark gray, light
gray, - dull green, or brownish, thickly specked and blotched with darker,
but the colors are often brighter and the markings more. definite ; not
unfrequently a band of white, or yellowish, or greenish, runs along the
middle of the back, with perhaps another along each lateral border.
This species occurs creeping among: the ¢ rock-weeds” and other algee
at low water, in the pools, creeping on the under sides of stones, ad-
hering to eel-grass, and also among floating sea-weeds, away from the
shore, and in many other situations.. Its colors are generally well
adapted for:its concealment, by imitating, more or less perfectly, the
rocks and weeds among which it lives. Even -those with bright green
markings are thus protected when living on eel-grass or Ulva ; the dark,

~obscurely marked ones when on dead eel-grass or dark Fucus ; the grays

and browns when on stones and among barnacles, &c. This protection
is not perfect, however, for they often fall victims to hungry fishes of
many kinds.

The Idotea phosphorea HARGER, is a closely allied species, thch
grows -even larger. Itacan easily be distinguished by the tail-piece,
which is acute in this, but tridentate in the last, and by'its rougher sur-
tface and more incised lateral borders. Its colors are similar and equally
variable, though they are frequently in larger and more definite spots
and blotches, and the light spots are often bright yellow. It is, as its
name indicates, decidedly phosphorescent. It lives under the same cir-
cumstances as the preceding species, but is much less common in this
region, though it is abundant in the Bay of Fundy. It often oceurs
among the crowded stems of Corallina officinalis in the larger tide-pools.

Another related species, the FErichsonia filiformis HARGER, (Plate
VI, fig. 26,) also occurs among the Corallina and other algse in the tide-
pools. This is a smaller species than the two preceding, but is some-
what similar in its colors, which are equally variable and equally adapted
for its concealment; in this the colors are more commonly various tints
of brown, or dull reddish, or light red, which are well adapted to blend
with the colors of the Corallines. Quite a differentlooking creature is the
FEpelys montosus, which is occasionally found concealed beneath stones
where there is more or less mud. This species also frequents muddy
bottoms, and is pretty effectually concealed by its rough-looking back
and the coating of mud and dirt that always adheres to it.

Clinging to the hydroids and delicate algee on the under sules of
stones, and in tide-pools, curious slender-bodied crustacea belonging to
the genus Caprella (similar to fig. 20, Plate V) may often be found in
considerable numbers, but they are still more abundant on rocky bot-
toms off shore. They have the habit of holding on firmly by the pos-
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 terior legs, and extending the body out at an angle, with thelong, rough
front legs stretched out in various directions. While in these attitudes
‘and at rest they often closely resemble the branches of the hydroids
and algee among which they live, especially as they also imitate them_in
colors, for all these species are variable in color, being generally gray,
with darker specks, when living among hydroids, but often bright red
when living among red algee. This habit of holding themselves stiffly
in such peculiar positions recalls the similar habits of many insects, es-
pecially some of the Orthoptera and the larve of the geometrid moths,
and they also recall the larvee, just named, by their singular mode of
climbing actively about among the branches qf the hydroids and alga=,
for they bend the slender body into a loop, bring the hind legs up to the
front ones, and taking hold with them stretch the body forward again,
Jjust like those larvee, though their legs are long and slender and differ
widely in structure. These little ereatures are very pugnacious and are
always ready to fight each other when they meet, or to repel any in-
truder similar in size to themselves. Their large claws are well adapted
for such purposes.

. The marine worms or ‘Annelids are very numerous under the rocks be-
tween tides, and concealed beneath the surface of the gravel and mud
that accumulates between and beneath the stones and.in crevices.
Many kinds also live in the pools, lurking among the roots of the alge, .
burrowing in the bottom, or building tubes of their own in more ex-
posed situations. Many of these annelids are very beautiful in. form
and brilliant in color when living, while most of them have curious hab-
its and 'marvelous structures. Several species are of large size, grow-

.ing to the length of one or two feet. Some are carnivorous, devouring
other worms and any other small creatures that they can kill by their pow-
erful weapons; others are vegetarians; but many are mud-eaters, swal-
lowing the mud and fine sand in great quantities, for the sake of the
animal and vegetable organisms that always exist in it, as is the case
with eclams and most of the bivalve shells, and many other kinds of
marine animals.

All these Annelids are greedily devoured by most kinds of marine fishes,
whenever they can get at them, and, since many of the annelids leave
their burrows in the night to swim at the surface, or do this constantly
at the breeding season, they make an important‘element in the diet of
many fishes besides those that constantly root for them in the mud and
gravel, like the tautog, scup, haddock, &c. The young of nearly all
the annelids also swim free in the water for a considerable time, and
in this state are doubtless devoured in immense numbers by all sorts of
young and small fishes.

- One of the largest and most common Annelids found under rocks,
burrowing in the sand and gravel, is the Nereis virens, (Plate XI, figs.
47-50.) It lives both at low-water mark and at a considerable distance
tarther up. It grows to the length of eighteen inches or more, and is
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also quite stout in its proportions. The color is dull greenish, or bluish
green, more or less tinged with red, and the surface reflects bright iri-
descent hues; the large lamellz or gills (fig. 50) along the sides are green-
ish anteriorly, but farther back often become bright red, owing to the
numerous blood-vessels that they contain. It is a very active and vora-
cious worm, and has a large, retractile proboscis, armed with two strong,
black, hook-like jaws at the end, and many smaller teeth on the sides,
(figs. 48,49.) It feeds on other worms and various kinds of marine
animals. It captures its prey by suddenly thrusting out its proboscis
and seizing hold with the two terminal jaws; then withdrawing the
proboscis, the food is torp and masticated at leisure, the proboscis,
when withdrawn, acting somewhat like a gizzard. These large worms
are dug out of their burrows and devoured eagerly by the tautog, scup,

and other fishes. But at certain times, especially at night, they leave
their own burrows and, coming to the surface, swim about like eels or
snakes, in. vast numbers, and at such times fall an easy prey to many
kinds of fishes. 'This habit appears to be connected with the season of
reproduction. They were observed thus swimming at the surface in the

daytime, near Newport, in April, 1872, by Messrs. T. M. Prudden and T-:

H. Russell, and 1 have often observed them in the evening, later in the
season. At Watch Hill, Rhode Island, April 12, I found great numbers

of the males swimming in the pools among the rocks at low-water, and

discharging their milt. This worm also occurs in.many other situa-
tions, and is abundant in most places along the sandy and muddy shores,

both of the sounds and estuaries, burrowing near low-water mark. It
occurs all along the coast from New York to the Arctic Ocean, and is

also common on the northern coasts of Kuarope.

With the last, in this region and southward, another similar species,
but of smaller size, is usually met with in large numbers. This is the
Nereis limbata, (Plate XI, fig. 51, male.) It grows to the length of five
or six inches, and can easily be distinguished by its slender, sharp,
light amber-colored jaws, and by the lateral lamellse, which are small
anteriorly and narrow or ligulate posteriorly. Its color, when {full
grown, is usually dull brown, or smoky brown or bronze-color anteriorly,
with oblique light lines on the sides, and often with a whitish border to
each ring, which form narrow, pale bands at the articulations; pos-
teriorly the body and lateral appendages are pale red, and the longitu-
dinal dorsal blood-vessel is conspicuous. The male, of which the ante-
rior part is represented in fig. 51, differs greatly from the female in
the structure of the middle region of the body, which is brighter red in
color, and has the side appendages more complicated and better adapted
for swimming. The females agree with the males very well in the form
and structure of the head and anterior part of the body, but the middle
region does not become different from the anterior, as in the male.
Both sexes are often dug out of their burrows, under stones or in.the
sand, but in such places there are few .males in proportion to the fe-
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males. The males, however, -sometimes occur swimming free at the
surface in vast numbers. They swim with an undulating motion, and
are quite conspicuous on account of the bright red color of the middle
region of their bodies. Mr. S. I. Smith observed them swimming in
this way, in the daytime, in August, at Fire Island, on the southern
side of Long Island, where they occurred in incredible numbers and
were eagerly pursued by the blue-fish, which at such times would not
take bait. We often caught them in Vineyard Sound, in the evening,
at the surface, with towing-nets. These worms must, therefore, con-
.tribute largely to the food of many fishes. It is very common on our
sandy shores as far south as South Carolina. A third species, Nereis
pelagica, (Plate X1, figs. 52-55,) is abundant under stones farther north,
but in this region is chiefly found on shelly bottoms, in the deeper wa-
ters of the sounds. These three species of Nerets are called ¢ clam-
worms” by the fishermen. Two large species of worms belonging to
the genus Rhynchobolus (formerly Glycera) are often met with in bur-
rows, in the mud beneath stones. These are pale reddish, deep flesh-
colored, or dull purplish red, and rather smooth-looking worms, thick-
est in the middle, and tapering to both ends. They have a large pro-
boscis, armed at the ends with four black, hook-like jaws, and are re-
markable for their rapid spiral gyrations. They belong more properly
to the muddy and sandy shores, and will, therefore, be mentioned more
particularly in another place. They are represented on Plate X, figs.
43-46. Ophelia simplex occurs under stones at half-tide, and below.

The Marphysa Leidyi (Plate XII1, fig. 64) is a large and handsome
worm, occasionally met with under stones at low-water mark, but is
more common on shelly bottoms in shallow water off shore. It grows
‘to-the length of six inches or more, and its body is flattened, except
toward the head, where it becomes much narrowed and nearly cylin-
drical. It is yellowish or brownish red, and brilliantly iridescent. The
branchise are bright red, and commence at about the sixteenth segment ;
the first ones have only one or two branches, but farther back they be-
come beautifully pectinated. There are six unequal caudal cirri, the
lower lateral ones longest. It is furnished with powerful jaws, and is
carnivorous in its habits.

A small but very active worm, Podarke obscura V., (Plate XII, ﬁg 61,)
is often found in large numbers beneath stones. These are dalk brown
or blackish in color, sometimes with lighter bands. They come out at
night and swim at the surface in vast numbers. They are also often met
with at the surface among eel-grass, in the daytime, in large numbers.
A large and very singular worm, which burrows and constructs tubes
in the mud .and gravel beneath stones, is the Cirratulus grandis V.,
(Plate XV, figs. 80, 81.) This is usnally yellowish brown, dull orange, or
ocher-colored, and is remarkable for the numerous long, flexible, reddish
or orange cirri that arise all along the sides. Another very large and
interesting worm, often associated with the last, both among and under

3V
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rocks, and on muddy shores, is the Amphitrite ornata, (Plate XVI, fig.
82.) This worm constructs rather firm tubes out of the consolidated
mud and sand in which it resides, casting cylinders of mud out of the
orifice. It grows to be twelve to fifteen inches in length. Its color is
" flesh-color, reddish, and orange-brown to dark brown, and it has
three pairs of large plumose or arborescent gills, which are blood-
red. The tentacles are flesh-colored, very numerous, and capable
of great extension, even to the length of eight or ten inches, and are kept
in constant motion in gathering up the materials with which it con-
structs its tube. Two species of worms, remarkable for their soft bodies
filled with bright red blood, which is not contained in special blood-
vessels, are also found under stones where there is mmud in which they
can burrow. The smaller of these is Polycirrus eximius, (Plate X VI, fig.
85.) Its tentacles are very numerous, and are extended in every direc-
tion by forcing the blood into them, which can be seen flowing along in
the form of irregular drops, distending the tubular tentacles as it passes
along. The second species is a much larger and undescribed species,
remarkable for its very elongated body and for having very singular
branching gills on the sides along the middle region; the first and last
of these giils are simple or merely forked, but those in the middle are
divided into numerous branches; and in either case each branch is
tipped by a cluster of setee. In allasion to this remarkable feature I
have called it Chwtobranchus sanguineus. Its tentacles are like those of
the last species, but longer and more numerous; in full-grown specimens
they can be extended twelve to fifteen inches or more. Its color is blood-
red anteriorly, but more or less yellowish at the slender posterior part.
It is very fragile and it is seldom that a large specimen can be ob-
tained entire. It grows to be twelve to fifteen inches long. This, like
the three species last mentioned, feeds upon the minute organisms
contained in the mud, which it swallows in large quantities. Two
species of Lumbriconereis are, also, tfrequently found burrowing in the
mud and sand beneath stones, but they belong more properly to the
muddy shores. They are long, slender, reddish, and brilliantly irides-
cent worms, readily distinguished by having a smooth, blunt-conical
head, without tentacles. They are carnivorous and have complicated
jaws. The head and anterior part of the body of the larger species (L.
opalina V.) is represented in Plate X1II, figs. 69, 70. The other (L.tenuis
V.) is very slender, thread-like, nearly a foot long, and has no eyes.
There are several kinds of highly organized annelids which may be
found adhering to the under side of stones or concealing themselves in
crevices. Among these are three species, which have the back covered
with two rows of large scales. One of these, having twelve pairs of
nearly smooth scales, is the Lepidonotus sublevis V., (Plate X, fig. 42 ;)
the color is variable, but usually brown or grayish, with darker specks,
thus imitating the color of the stones. Another more common species
is the Lepidonotus squamatus, (Plate X, figs. 40, 41,) which also has
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twelve pairs of scales, but they are rough, and covered with small
rounded or hemispherical tubercles ; this is usually dark brown. The
third species has sixteen pairs of smooth secales, and belongs to another
genus. This is Harmothoé imbricata ; it varies exceedingly in color, but
is nsually grayish or brownish, more or less specked, blotched, or striped
with blackish ; sometimes there is a black stripe along the middle of
the back ; sometimes the general color is dark reddish. These three
species of scaly worms all have a large proboscis with four powerful
jaws at the end, and a circle of papille, as in figs. 40 and 41 ; they are
carnivorous in their habits and rather sluggish in their movements.
‘When disturbed they curl themselves up into a ball. They are very
complicated in their appendages, and the spines and setee of these ap-
pendages are very curious in structure, when examined with a micro-
scope. Notwithstanding their numerous sharp spines they are often
devoured by fishes, and they frequently also fall victims to their more
powerful companions belonging to the Nereis tribe, and are sometimes
destroyed even by the apparently inoffensive Nemerteans. Adhering to
the under sides of the rocks and stones there are several kinds of tubes
constructed by annelids. One of {the most common and abundant kinds
of these tube-dwelling worms is the Sabellaria vulgaris V., (Plate XV1II,
figs. 88, 88a.) This worm constructs firm and hard tubes out of fine sand
and a cement secreted by special glands. These tubes are bent and
twisted in various directions.and are generally united together into
masses or colonies, sometimes forming aggregations of considerable
thickness and perhaps several inches or a foot across. The tubes of this
worm are also common on the shells of oysters. Another very curious
and beautiful worm, the Scionopsis palmata V., construects much larger
and coarser tubes out of bits of sea-weeds and shells, sand, small pebbles,
and other similar materials; these tubes are long and crooked and
attached for their whole length to the under side of rocks. The worm
that constructs them has some general resemblance to the Amphitrite
ornata, but is seldom more than three or four inches long and is usually
darker colored, the color being generally reddish brown or dark brown,
more or less speckled with white. There are only seventeen fascicles
of setee on each side. The gills are only three in number, viz: an odd
median one, much larger than the others, placed just behind the tentacles;
and a pair of smaller ones, but similar in form and just back of the first ;
all three gills have a stalk or peduncle, and branch toward the end in a
palmate or digitate manner, each of the divisions again subdividing.
The gills can be retracted beneath a sort of collar which arises just be-
hind them ; their color is greenish, specked with white. The gills of
this worm are very elegant in form, and quite unlike those of any other
known species, both in position and form. Therefore it is necessary to
establish a new genus for this species. It has been found from Vineyard
Sound to New Jersey ; both among eel-grass in shallow water, and under
stones. The Nicolea simplex is a related species, with similar habits.
4 v
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The crooked, round, calcareous tubes made by Serpula dianthus V.,
are often to be found adhering to the under surfaces and sides of stones
near low-water mark, and also in the pools in more exposed situations;
sometimes they are even aggregated together into masses. When dis-
turbed the worm suddenly withdraws its beautiful wreath of gills into
its tube and closes the aperture closely by means of a curious plug or
operculum. This is placed at the end of a rather long pedicle, and is
funnel-shaped, the outside longitudinally striated and the edge bordered
by about thirty sharp denticles; from the middle of the upper side
another smaller, short, funnel-shaped process arises, the edge of which
is divided into twelve or thirteen, long, rather slender, rigid processes,
which are usually a little curved inward at the top, but may be spread
apart in a stellate form. A small, rudimentary, club-shaped operculum
eéxists on the other side. When these tubes are placed in sea-water and
left undisturbed for a short time, the occupant will cautiously push out
its operculum and display its elegant wreath of branchise, which varies
much in color in different specimens, but often recalls the varied hues
and forms of different kinds of pinks, (Dianthus.) The name which I have
given to it alludes to this resemblance. Fine specimens of this Serpula
may often be found, also, in the pools near low-water mark, attached to
the upper surfaces or sides of rocks, and in such sitnation they display
their charms to great advantage. The wreath of branchise is nearly
circular, consisting of two symmetrical parts, each of which is made up
of about eighteen pectinate branchise; these are covered on their inner
surfaces with slender filaments which extend nearly to the ends, but
leave the tips naked. Young specimens have fewer branchise. In the
more common varieties these branchias are purple at base, with narrow
bands of light red or pale yellowish green; above this they are trans-
versely banded or annulated with purplish brown, alternating with yel-
lowish green, or with purple and white ; the pinnz usually correspond
in color to the part from which they arise, but are sometimes all purple.
In other specimens the branchize are yellowish white, or greenish white,
banded with brown. In one variety (citrina) they are bright lemon-
yellow, or orange-colored, throughout. The operculum,in all the varie-
ties, is usually brownish green above, with the sides purplish brown,
lined with whitish near the edge, and with a greenish white band at the
base; the pedicle is usually purplish, with two or more bands of white.
The body is usually deep greenish yellow, with the back lemon-yellow ;
the collar is broad with an undulated border, and is pale green, veined
with darker green blood-vessels. This species is also often met with in
dredging on shelly bottoms.

The Potamilla oculifera (Plate XVII, fig. 86) is another beautiful
annelid, related somewhat to the Serpula, but its tubes are tough and
flexible ; they are constructed out of fine sand and other foreign matters,
glued firmly together with the special secretions of the animal. These
tubes are often found attached to the under sides of stones, but, passing
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around to the sides, open upward by a free extremity ; they also fre-
quently occur in sheltered nooks in thetide-pools. The worm, when un-
disturbed, puts out a beautiful wreath of branchise somewhat resembling
that of the Serpula, but there is no opercalum. The branchis are always
beautifully colored, though the colors are quite variable. In one of the
commonest styles of coloration, the branchise are surrounded at base
with reddish brown ; above this with a ring of white; next by a band
of reddish brown ; then for the terminal half the color is yellowish gray,
with indistinct blotches of brown; on the outer sides of the branchise
there are one to three dark red eyes. There are ten or more branchis
in each half of the wreath, and they are longer on one side than on the
other.

Anotherrelated species, the Sabella microphthalma V., also occasionally
occurs in the pools and on the under sides of stones, constructing tubes
very much like those of the last species. This is a much shorter and
stouter worm, with the branchial wreath relatively much larger and
nearly half as long as the body. The branchise are pale yellowish,
greenish, or flesh-color, with numerous transverse bands of darker green
extending to the pinnse ; on the outer side of the branchiz there are
numerous minute eye-like spots of dark brown, arranged in two rows on
each. The body is usually dull olive-green. The Fabricia Leidyt V., is
another member of this group of worms, but is of very minute size. It
constructs delicate, flexible tubes, free toward the end, which usually
stands upright. Its tubes may be found in the pools and on the under
side of stones. The worm itself is very small, slender, and when un-
disturbed protrudes a wreath, composed of six branchize, to a considera-
ble distance above the mouth of the tube. The branchise have five
to seven pinng on each side, the lowest much the longest, so that when
expanded they all reach nearly to one level. At the base of the bran-
chise there are two pulsating vesicles, alternating in their beats; and
just back of these there are two minute brown eye-specks; two similar
eyes exist at the posterior end. Eleven segments of the body bear fas-
cicles of setae. Color yellowish white, the blood-vessels red.

Two or more species of the minute but beautiful worms belonging to
the genus Spirorbis are found attached to the fronds of sea-weeds, to
shells, stones, &c., especially in the pools. These are related to the
Serpula, and like it form solid calcareous tubes, but these are always
coiled up in a close spiral, and the coil is attached by one side. The
little worms put out an elegant wreath of branchise, and are furnished
" with an operculum. Another very interesting and beautifully colored
worm, sometimes found under and among the stones, where there is
mud, is the C(istenides Gouldit V., (Plate XVII, figs. 87, 87a.) This
constructs very remarkable, conical, free tubes, of grains of sand ar-
ranged in a single layer, like miniature masonry, and bound together by
a water-proof cement. This worm belongs more properly to the muddy
and sandy shores and will be mentioned again.
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Under stones and decaying sea-weeds, near high-water mark, two or
more kinds of small slender worms are usually found in great numbers
these differ widely from all those before mentioned, and are more nearly
related to the common earth-worms of the garden. One of these is white,
slender, and about an inch long, tapering to both ends. This is Halodil-
lus littoralis V., apparently forming a new genus allied to Enchytreeus.
Another is of about the same size, but rather longer and more slender,
and light red in color. It has a moniliform intestine, with a red blood-
vessel attached to it above and below. It belongs apparently to the
genus Clitellio, (O. irroratus V.)

In addition to all these setigerous Annelids which have been enu-
merated, there are quite a number of worms to be found on the rocky
shores which are destitute of all these external appendages, and have
the surface of the body smooth and ciliated. There are two tribes of
such worms: in one of them the body is much elongated, and either
roundish, or flattened, and usually very changeable in form and cap-
able of great extension and contraction. These are known as Nemer-
teans ; most of them have a proboscis which they can dart out to a great
length. In the other group, known as Planarians, the body is broad,
short, and depressed, and often quite flat, and their internal structure
‘is quite different.

One of the largest of the Nemerteans, the Meckelia ingens, (Plate XIX,
figs. 96, 96a,) is met with under stones where there is sand, but it be-
longsproperly to the sandy shores. Itis an enormous, smooth,flat worm,
yellowish, flesh-colored, or whitish, and sometimes grows to be ten or
twelve feet long and over an inch wide. The Meckelia rosea also occurs
occasionally in similar places. This is similar in form, but is smaller, less
flattened, and decidedly red in color. It is often covered by adhering
sand. Another species, belonging to the Nemerteans, is often found in
great abundance under stones from mid-tide to near high-water mark.
Many of them are often found coiled together in large clusters. Thisis
the Nemertes socialis ; it is very slender or filiform, and often five or six
inches long when extended. Its color is dark ash-brown or blackish, a.
little lighter beneath, and it has three or four eyes in a longitudinal
group on each side of the head. Amnother larger species, apparently
belonging to the genus Cerebratulus, but not sufficiently studied while-
living, is also abundant under stones. It is much stouter and is usually
dark olive-green, brownish-green, or greenish-black in color, but a little
lighter below and at the borders of the head. Several other small Ne-
merteans occur under similar circamstances. In the pools, creeping over
and among the algse and hydroids, a yelHowish or light orange-colored
species, one or two inches long, is often met with. This species secretes.
an unusual amount of mucus, which is, perhaps, connected with its
climbing habits, and I have on this account named it Polinia glutinosa 'V .,.
(Plate XIX, fig. 97.) It varies in the number of its eyes, according to
its age, but they are always grouped in oblique clusters as in the figure.
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The color is sometimess bright orange anteriorly, but lighter posteriorly,
with a faint dusky or greenish line along the middle.

Another species, closely resembling the last in form, color, and size, is
quite common under stones; and especially in dead tubes of Serpula, near
low-water mark. This is the Cosmocephala ochracea V., (Plate XIX, figs.
95, 95a ;) it has numerous eyes on the sides of the head, three or four
on each side forming an anterior row parallel with the margin; the
others forming two parallel oblique groups, usually with two or three
eyes in each, farther back. On the lower side of the head there is, on
each side, an obliquely transverse groove. The color is nusually dull yel-
lowish-white or grayish ; the anterior part is often tinged with orarge
and the posterior with ash-gray ; there is generally a distinet paler me-
dian line, most distinct anteriorly. It grows to be two or three inches
long, when extended.

Of the Planarians several species are also found creeping over the
under side of stones and in the tide-pools. One of the most abundant
is Procerodes frequens, which is a very small but lively species, found
creeping on the under side of stones near high-water. It is usually
about an eighth of an inch long, dark brown or blackish above and gray
below, and it has two reniform eyes. The Monocelis agilis is still smaller,
elliptical, with only one median eye; its coloris dark brown or blackish.
By some writers this genus is placed among the Nemerteans. Two
larger species of this group are also occasionally found on the under
side of stones. One of these, the Planocera nebulosa, (Plate XIX, fig.
100,) is usually about half an inch wide and three-fourths long, but may
become nearly circular, or may extend into a long elliptical form. It is
flat and thin, with flexuous edges. Its color is olive-green above, with
a lighter median stripe behind, and yellowish green below. The tenta-
cles on the back are whitish and retractile.

The Stylochopsis littoralis V., (Plate XIX, fig. 99,) is also frequently
found on the under side of stones. It is remakable for having a clus-
ter of eyes on each tentacle, other clusters in front of them, and two or
more rows of eye-spots around the margin, especially in front. Its color
is variable, but usually greenish, greenish yellow, or brownish yellow,
often reticulated with flesh-color ; thereis generally a pale median streak
posteriorly. The eggs were laid July 12th in large clusters, composed of
many small white eggs closely crowded together, side by side, and at-
tached to the surface of the glass jar in which they were kept.

There are also representatives of the ¢ round worms,” or Nematodes,
to be found beneath the stones and among the roots of algse, hydroids,
&c. The commonest of these is, perhaps, the Pontonema marinum (Plate
XVIIL fig. 94.) Thisis a small, veryslender, smooth, white,round worm,
tapering to both ends, and very active in its movements, constantly coil-
ing itself into a spiral and again uncoiling itself. Its head is furnished
with about six minute cirri; in the male the tail is short, narrow, nearly
straight, but one-sided, rapidly tapering. and subacute ; in the female
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the body is much longer, and the tail is long, slightly tapered, straight,
and obtuse. The Pontonema vacillatum also occurs in similar places in
abundance. In this species the male has a short, obtuse, incurved tail ;
the female a straight, tapering, narrow, obtuse one. Both species are
oviparous, and the female genital orifice is near the middle of the body.
These worms are from a quarter to half an inch or more in length.
Their complete history is not known ; they are closely allied to many of
the parasitic worms, and it is possﬂole that in some stages of their de-
velopment these are also parasites.

Of the Radiates there are also numerous species to be found on these
roeky shores.

Although the purple ¢ sea-urchin,” Arbacia punctulata, and the green
¢ sea-urchin,” Strongylocentrotus Drobachiensis, (Plate XXXV, fig. 268,)
are sometimes met with, their occurrence is irregular and uncertain at
low-water in this region. The former occurs in abundance on rocky
and shelly bottoms in the sounds ; while the latter occurs chiefly on sim-
ilar bottoms in the cold area, and at low-water on the outer rocky
shores, and still more abundantly farther north.

The green star-fish, Asterias arenicola, (Plate XXXV, fig. 269,) is
found in large numbers at low-water among the rocks at certain times,
but at other times is seldom met with, though a few young specimens
can almost always be found by careful search beneath the stones. The
adults were very abundant on the shore at Parker’s Point, in the latter
part of June ; but by the middle of July very few could be found there.
Their habit of coming up to the shore may be connected with their
reproductive season. They are always abundant on shelly bottoms in
the bays and sounds, especially where there are beds of muscles or
oysters, upon which they feed. They often prove exceedingly destruc-
tive of oysters planted in waters that are not too brackish for their com-
fort. They manage to eat oysters that are far too large for them to
swallow whole, by grasping the shell with their numerous adhesive feet,
and then, after bending their five flexible rays around the shell so as
partly to inclose it, they protrude thelobes and folds of their enormous
saccular stomach from the distended mouth, and surrounding the
oyster-shell more or less completely with the everted stomach they
proceed to digest the contents at leisure, and when the meal is fin-
ished they quietly withdraw the stomach and stow it away in its proper
place. In this way a large ¢ school” of star-fishes will, in a short time,
destroy all the oysters on beds many acres in extent, unless their oper-
ation be interfered with by the watchful owners. In one instance,
within a few years, at Westport, Connecticut, they thus destroyed about
2,000 bushels of oysters, occupying beds about 20 acres in extent, in a
few weeks, during the absence of the proprietor.

In order to stop their operations it is mnecessary to dredge over the
eyster-grounds and destroy all the star-fishes thus brought up, by leav-
ing them on shore above high-water mark ; for if simply torn in pieces
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and thrown overboard, as is sometimes done, each ray has the power of
reproducing all the lost parts, so that each fragment may, after a time,
become a perfect star-fish. :

The color of this species is generally dark green or brownish green,
with the madreporic plate bright orange; the males are more inclined
to brown, and sometimes have a reddish tint. It is found all along the
coast from Massachusetts Bay to Florida.

The eggs of this species, like those of most other star-fishes, produce
peculiar larvee, entirely unlike the parents, and provided with vibrating
cilia by means of which they swim about in the water, or at the surface,
for a considerable time. The young star-fish develops within the larva
and gradually absorbs the substance of the larva into its own organi-
zation.

The development of this and our other common species has been very
fully described and illustrated by Mr. A. Agassiz.

Of the Hydroids many species occur in the pools, or attached to the
lower sides of overhanging rocks, or of stones that have an open space
beneath them, or growing upon the Fucus and other sea-weeds at low-
water mark. The most abundant of all is the Sertularia pumila, (Plate
XXXVII, fig. 279,) which grows in small tufts of delicate branches on
the stems and fronds of all the larger sea-weeds, and on the sides and
lower surfaces of stones. Another beautiful species, the Obelia commsis-
suralis, (Plate XXXVII, fig. 281,) occurs at low-water mark and in tide-
pools, attached to stones and sea-weeds. It is very delicate and much
branched, and sometimes grows five or six inches high, though usually
smaller. At certain times it produces small medusa in its urn-shaped
reproductive capsules; these are discharged and swim free for sometime,
having sixteen tentacles when they become free. Several other spe-
cies of this genus also occur attached to the sea-weeds at low-water.
The most common of these is O. diaphana, which grows about an inch high,
attached to the stems of Fucus. The Campanularia flexwosa is another
similar hydroid, remarkable for its large reproductive capsules, in which
medusaxe are developed that never become free. This species occurs
in the pools at low-water, on weeds and stones, and also on the lower
sides of overhanging rocks or the timbers of wharves. It is much
more abundant farther north, as at Eastport, Maine, where it grows in
profusion on the timbers of the wharves, hanging down from their
lower sides, collapsed and dripping, while the tide is low. The Pennaria -
tiarella (Plate XXXVII, figs. 277, 278) is a very conspicuous and beau-
tiful species on account of its much-divided black branches and numer-
ous bright red flower-like hydroids. It occurs occasionally in the pools,
and just below low-water mark, attached to stones, corallines, &c., but is
more common in somewhat deeper water on rocky and shelly bottoms.
The ¢file-fish” feeds on this species, and probably on other allied
hydroids, for its stomach was found full of the stems and branches,
cut up in fine pieces. Its broad, sharp-edged jaws are admirably
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adapted for browsing on hydroids, but yet this may not be its principal
food, for our observations were very few on this fish, owing to its rarity.
One of the most interesting of the hydroids, found in the rocky pools
at low-water, or in other shaded places, is the Hybocodon prolifer, (Plate
XXXVIII, fig. 282.) This is one of the largest and most beautiful of
the tubularians, and is very conspicuous on account of its deep orange-
red color. It is by no means common, and grows only in those pools
where the water is pure and cool, or under the shade of overhanging
rocks. It usually grows singly or in groups of two or three clustered
together. The delicate hydrarium of Bougainvillia superciliaris (Plate
XXXVTII, fig. 276) is also occasionally met with in the larger tide-pools
near low-water mark, and the small, free medusz, which are produced
by budding from the hydrarium, are frequently found swimming in the
waters in spring. The Clava leptostyla is a beautiful and apparently
soft and tender species, but it grows in clusters on the fronds of Fucus
at low-water mark, on the most exposed shores, and withstands the
‘most powerful surf, unharmed. The colonies are bright light red in
color and consist of numerous hydroids arising fram creeping stolon-
like tubes, which interlace to form the base of the colony. Each of
the hydroids consists of a cylindrical stem, slender at base and about
a quarter of an inch high, at the end of which there is a thicker, club-
shaped or fusiform ¢ head,” covered with about fifteen to thirty, long,
slender tentacles, but the form both of the heads and tentacles is con-
stantly changing, owing to their contractions. The small medusa-buds
are grouped in clusters below the tentacles and do not become free.
This species is also to be found in the pools and on the under sides of
large stones close to low-water mark.

The Hydractinia polyclina is often met with covering the dead shells
inhabited by the hermit-crabs, whether in the pools or in deeper water
off shore, with a soft, velvet-like, reddish coating, which is made up of
hundreds of hydroids united together by their bases into a rather firm,
continuous layer, covered with conical points. This basal layer some-
times not only entirely covers the shell, but extends out considerably
beyond the borders of the aperture, so as to increase the capacity of
the interior. Thisis no doubt a great gain to the crab, because he will not
be so soon compelled to exchange his shell for a larger one. Each col-
ony of these hydroids is either male or female ; the sexes differ in depth
of color, the male colonies being palest. But in each colony there are
also many sterile individuals, who have to do the eating and digesting for
the whole community, while the sexual individuals attend to the repro-
duction of the race. Farther north, as at Nahant, Massachusetts, this
species often incrusts broad surfaces of the rocks in the pools, but 1
have not observed it growing in this way south of Cape Cod ; yet in one
instance we dredged it growing on a rock.

The Halectum gracile V. is frequently found growing in profusion on
the under side of stones, in tide-pools, and attached to oysters, dead
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shells, &c., in shallbw waters, both of the sounds and estuaries. It
forms rather dense, pale, flexible tufts, three or four inches high, with
very numerous slender branches.

Of Polyps there are several species belonging to the actinians, or
‘“seg-anemones,” and one species of genuine coral, (4Astrangia,) but the
latter is seldom found at low-water, though common in shallow water,
on rocky bottoms. The most common of the actinians is the ¢ fringed
sea-anemone,” Metridium marginatum. This may almost always be
found on the under sides of large stones that have sufficient space be-
neath, in sheltered crevices near low-water mark, and adhering to the
rocks along the borders of the larger tide-pools, where they are shaded
and protected by the overhanging sea-weeds. In full expansion this
species has a very graceful form. From the expanded base the body
rises in the form of a tall, smooth column, sometimes cylindrical, some-
times tapering slightly to the middle, and then enlarging to the sum-
mit. Toward the top the column is surrounded by a circular thickened
fold, above which the character of the surface suddenly changes, the
skin becoming thinner and translucent, so that the internal radiating
partitions are visible through it. This part expands upward and out-
ward to the margin, which is folded into numerous deep urdulations or
frills, and everywhere covered with very numerous, fine, short, crowded
tentacles. The tentacles also cover the upper side of the disk, half
way to the mouth, but are larger and less crowded in proportion to the
distance from the margin. The mouth is oval and the lips divided into
numerous folds. The largest specimens are sometimes five or six inches
high and three or four inches across the disk. The colors are extremely
variable. Most frequently the sides of the body are yellowish brown
or orange-brown, but it may be of any shade from white, flesh-color,
pink, salmon, chestnut, orange, yellow, licht brown, to dark umber-
brown; orit may be mottled and streaked with two or more of these colors.
The upper part of the body and tentacles are translucent, and have
lighter colors, generally either white, pink, flesh-color, or pale salmon ;
the tentacles are also frequently banded with flake-white, and often
have dark tips. This species, when much irritated, throws out from
minute loop-holes along the sides large numbers of long, slender, white
threads, which are covered with microscopic stinging-organs, powerful
enough to defend them from the attacks of fishes and other enemies ;
but they do not penetrate the human skin.

Another species, the ¢ white-armed anemone,” Sagartia leucolena,
(Plate XXXVIII, fig. 284,) is also common at low-water, especially on
the under side of large stones, and sometimes nearly buried in sand
and gravel. This is more elongated and slender than the last, and has
a smaller, simple and plain disk, with the tentacles much longer and
more slender, and crowded together near the margin; the surface of
the body is smooth and uniform, without any thickened fold. The
color is usually pale salmon or flesh-color, and the skin is translucent,
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so as to show the internal lamellse ; the tentacles are paler-and more
translucent, and usually whitish, but sometimes pale salmon. The
tentacles, in full expansion, are over an inch long. A second elongated
species of Sagartia (8. modesta) occurs buried up to its tentacles in the
gravel and sand among rocks. This species is quite rare, and has a
much thicker and firmer skin, which is nearly opaque and dull yellow-
ish in color ; the tentacles are shorter, with dark greenish markings at
the base.

The Halocampa producta (Plate XXX VIII, fig. 285) also occurs under
the same circumstances with the last, though it may also be found
on sandy shores, slightly attached to a shell or pebble, perhaps a foot
beneath the surface, but in expansion it stretches its body so as to
expand its tentacles at the surface, above its burrow, into whieh it
quickly withdraws when disturbed. This species is remarkable for the
great length and slenderness of its body in full extension ; for having
only twenty tentacles, with swollen tips; and for the rows of suckers
along the sides, to which it fastens grains of sand, &c. It has no dis-
tinet disk at the base, which is bulbous and adapted for burrowing
Its color is whitish, flesh-color, or pale salmon, with the suckers whit-
ish. The tentacles usually have darker brown tips, but sometimes the
tips are flake-white. In full expansion the length of large specimens
is about a foot, and the diameter about a third of an inch, but in con-
traction the body becomes much shorter and more swollen.

The Astrangia Dane, which is the only true coral yet discovered on
the coast of New England, is occasionally found on the under side of
overhanging rocks, or in pools where it is seldom or never left dry. The
coral forms incrusting patches, usually two or three inches across, and
less than half an inch thick, composed of numerous crowded corallets,
having stellate cells about an eighth of an inch in diameter. The liv-
ing animals are white, and in expansion rise high above the cells and
expand a circle of long, slender, minutely warted tentacles, which
have enlarged tips. These coral-polyps, when expanded, resemble clus-
ters of small, white sea-anemones, and like them they will seize their
prey with their tentacles and transfer it to their mouths. They feed
readily, in confinement, upon fragments of mollusca or crustacea.

Several species of sponges also occur in the rocky pools and on the
under sides of stones. The most conspicuous one is a bright red spe-
cies, which forms irregular crusts, and rises up in the middle into
many small, irregular, lobe-like branches. Another species forms
broad, thin incrustations, of a sulphur-yellow color, on the under side
of stones. These species have not been identified. A small, urn-
shaped or oval species, with a large aperture at the summit, sur-
rounded by a circle of slender, projecting spicula, occurs in the pools,
and is probably the same as the Grantia ciliata of Europe.

In addition to the numerous species already enumerated, most of
which belong to groups that are essentially marine animals, there are
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a few species of marine insects that are frequently met with under
stones, or among the small green algze. Among these a small lead-col-
ored insect belonging to the family of ¢ spring-tails,” Anurida maritima,is
the most abundant. With it a spider, Bdella, and several species of mites
(Trombidium) are~often found. Several specimens of a ¢‘“false scorpion, ”
Chernes oblongus, were also found by Mr. Smith near low-water mark
under stones. In the pools and on the rocks, among the green confervee
and other sea-weeds, the active green larvee of a two-winged fly, Chiromn-
omus oceanicus,is often found in abundance. Thislarva we have detected
in the stomach of the ¢ tom-cod,” mixed with small crustacea.

List of species inhabiting the rocky shores of the sounds and bays.

In the following list the species living in these situations are brought
together systematically, whether mentioned in the preceding pages or
not. The lists are not to be regarded as complete, but include most
of the species ordinarily met with. The references are to the pages of
this report, where remarks upon the species may be found :

ARTICULATA.
Insects.

Page. Page.
Chironomus oceanicus ...... 331 | Bdella marina.... ........ 331
Anurida maritima.......... 331 | Trombidium, several species 331
Chernes oblongus .......... 331

Crustacea.

Page. Page.
Cancer irroratus ... ........ 312 | Moera levis . ............ ~.-. 315
Panopeus depressus ........ 312 | Melitanitida.............. 314
P.Sayi..cooieiiiia s - 312 | Amphitho& maculata....... 315
P.Harrisii cocveennan.... 313 | AL valida- o ccceeeenann .. 315
Carcinus granulatus........ 312 | Caprella, Sp.ccccveeaaann.. 316
Eupagurus pollicaris ....... 313 | Sphaeroma guadridentata .. 315
E. longicarpus ............. 313 | Idotea irrorata ....... .... 316
Homarus Americanus....... 313 | I. phosphorea............. 316
Orchestia agilis............ 314 | Erichsonia filiformis....... 316
Hyale littoralis...... ...... 315 | Epelys montosus ..........
Calliopius leeviusculus. ..... 315 | Jaera copiosa -« - cveeno.- e 315
Gammarus ornatus......... 314 | Balanus balanoides........ 304
G.annulatas............... 314 | Numerous small Entomos-

G. Marinus................ 314 traca.
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Annelids, (Cheetopods.)

v Page. Page.
Lepidonotus squamatus..... 320 | Cirrhinereis fragilis ....... 397
L. sublevis ...... feeeeaaean 320 | Ophelia simplex........... 319
Harmothoé imbricata....... 321 | Sabellaria vulgaris ...... .- 321
Phyllodoce ............. we. 349 | Cistenides Gouldii......... 323
Eulalia.................... 349 | Nicolea simplex........... 321
Eumidia ................... 349 | Amphitrite ornata......... 320
Podarke obscura . -......... 319 | Scionopsis palmata....... . 321
Nereis virens. .. ... .. ....... 317 | Polycirrus eximius - .- ..... 320
N.limbata. . ............... 318 | Chetobranchus sanguineus. 320
N. pelagica .. .............. 319 | Potamilla oculifera........ 322
Marphysa Leidyi......... .. 319 | Sabella microphthalma..... 323
Lumbriconereis opalina. .. .. 320 | Fabricia Leidyi.-.......... 323
L.tenuis.... ..o 320 | Serpula dianthus.......... 322
Rhynchobolus Americanus.. 319 | S. dianthus, var. citrina.... 322
R. dibranchiatus ...... R 319 | Spirorbis spirillum ........ 323
Cirratulus grandis.......... 319
Oligochecta.
Page. Page.
Halodrillus littoralis........ 324 | Clitellio irroratus.......... 324
Nemerteans.
Plage. Page.
Nemertes socialis .......... 324 | Cerebratulus (?)........... 324
Meckelia ingens............ 324 | Cosmocephala ochracea. ... 325
M.TOS@R .« e eeeceeecee e 324 | Polinia glutinosa.......... 324
Planarians.
Page. _ Page..
Planocera nebulosa......... 325 | Procerodes frequens....... 325
Stylochopsis littoralis ...... 325 | Monocelis agilis. . ......... 325
Nematodes.
Page. Page.
Pontonema marinum ....... 325 | Pontonema vacillatom. .... 326
MOLLUSCA.

Gastropods, (U%i'valves. )

Page. Page.
Urosalpinx cinerea ......... 306 | Fulgur carica.............. 355
Purpura lapillus.. . ... ... ... 306 | Sycotypus canaliculatus .... 355

Eupleura caudata .......... 371 | Tritia trivittata .. ......... 354
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Page
Astyris lunata .. ........... 306 | Bittium nigrum ...........
Anachisavara ............. 306 | Cerithiopsis Greenii.......
Odostomia producta ... ..... 307 | Triforis nigrocinctus. ... ...
O.fusca....coiiiiol. 307 | Crepidula fornicata...... ..
O. bisuturalis .. ............ 307 | C.convexa .-......c.on....
O.triida .. ... ... ... 307 | C. unguiformis......_.....
O.ImpressSa-cc-cccnceneanan. 307 | Acmeea testudinalis . ......
Rissoa aculeus ... ... ....... 306 | Doris bifida .-............
Skenea planorbis........... 383 | Polycera Lessonii .........
Littorina palliata........... 305 | Doridella obscura .........
Liorudis ... ... .o .. ... 305 | Afolis,undetermined.
Lacuna vineta ............. 305

v Page
Mya arenaria - - . ... ........ 309 | Mytilus edulis ..-.........
Saxicava arctica ........... 309 | Modiola plicatula .........
Kellia planulata............ 310 | M. modiolus .. ............
Scapharea transversa....... 309 | Anomia glabra............
Argina pexata - ......... ... 309 | Ostreea Virginiana........

Ascidians.

Page.

Molgula Manhattensis ..... 311 | Cynthia partita .. .........

Bryozoa,,(or Polyzoa.)

Page.
Crisia eburnea ............. 311 | B. flabellata ........_......
Tubulipora flabellaris....... 405 | Membranipora pilosa ......
Alcyonidiom ramosum. . .... 404 | M. lineata...... «.........
Alcyonidium hirsutum ..... 404 | Escharella variabilis ......
A. hispidum ........ «-----. 312 | Discopora coccinea(?)......
Vesicularia gracilis......... 389 | Lepralia, sp «ccv o e ia...
Vesicularia cuscuta ........ 404 | Cellepora ramulosa........
V. dichotoma .............. 404 | Pedicellina Americana.. ...
Bugula turrita .. ........... 311
RADIATA.
Fchinoderms.
Page.

Arbacia punctulata......... 326 | Asterias arenicola.........

Page.
389
406
406
312
424
420
312
405
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Acalephs.

v Page. Page.
Obelia commissuaralis .. ..... 327 | Halecium gracile.......... 328
O, pyriformis .............. 390 | Sertularia argentea.._ ..... 408
O. diaphana ......... feeee- 327 | S.pumila................. 327
O. geniculata............... 407 | Bougainvillia superciliaris . 328
Clytia Johnstoni ........... 408 | Margelis Carolinensis ......
Orthopyxis caliculata....... 408 | Clava leptostyla .......... 328
Platypyxis cylindrica....... 408 | Pennaria tiarella.......... 327
Campanularia volubilis..... 408 | Hybocodon prolifer........ 328
C.flexuosa ......eo..o.... 327 | Hydractinia polyclina . .... 328
Lafoéa calcarata ........... 408

Polyps.

_ Page. Page.
Metridium marginatum..... 329 | Halocampa producta ...... - 330
Sagartia leucolena ......... 329 | Astrangia Danee .......... 329
S.modesta .... ........... 330

PROTOZOA.
Sponges.
Page. Page.
Grantia ciliata ... ....... -- 330 | Tedania, Sp..-..ceuunan... 330
Leucosolenia botryoides (?).. 391 | Renieria, Sp .............. 330
Halichondria, sp........... 330

II.—2. FAUNA OF THE SANDY SHORES OF THE BAYS AND SOUNDS.

These sandy shores vary considerably in character according to their
situations and composition. In the more exposed positions the beaches
of fine loose sand differ but little in character from those that prevail
80 extensively on the ocean shores, from Cape Cod to North Florida.
In more sheltered situations there is generally more or less mud mixed
with the sand, which often forms shores with a very gentle slope, run-
ning down to broad flats, bare at low-water ; such flats of sandy mud
are the favorite homes of large numbers of burrowing creatures; but
even on the exposed beaches of loose siliceous sand, which are completely
torn up and remodeled by every storm, there are still to be found many
kinds of animals perfectly adapted to such conditions, finding there
their proper homes. In other cases there is more or less gravel and
pebbles mixed with the sand, which, under some conditions of expos-
ure, produce a firm and compact deposit, admirably adapted to the
tastes and habits of certain tube-dwelling and burrowing creatures. In
other places, especially in sandy coves or other sheltered situations, the
sandy flats are partly covered by tufts and patches of eel-grass, and
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there are many animals that find congenial resorts on such flats. Then
there will sometimes be pools or rivulets of sea-water on the sandy flats,
in which eertain creatures often spend the short time while thus impris-
oned by the tide.

The special localities where the sand-dwelling species of this region
were chiefly studied, are the beaches on Naushon and adjacent islands;
Nobska Beach and several other beaches near Wood’s Hole; the exten-
sive sand-beach between Falmouth and Waquoit ; the beach at Menem-
sha Bight, on Martha’s Vineyard ; several beaches on the shores of
Buzzard’s Bay ; the beaches at South End, Savin Rock, and other local-
ities near New Haven; the beaches on Great South Bay, Long Island ;
the beaches at the mouth of Great Egg Harbor, New Jersey, &c., be-
sides the outer beaches at various other points.

Along the upper part of the sand-beaches there is generally an almost
continuous belt of dead sea-weeds, broken shells, fragments of crabs,
lobsters, and various other débris cast up by the waves. Although
many of the dead shells, &c., which occur in this way, belong really to
the sandy shores near low-water, others have come, perhaps, from deeper
water and other kinds of bottom. Therefore, although such rubbish-
heaps may afford good collecting grounds for those who frequent the
shores after storms, it would be useless to enumerate the species that
more or less frequently occur in them. Beneath such masses of decay-
ing materials many insects and crustacea occur, together with certain
genuine worms. FPart of these are truly marine forms, and are never
found away from the sea-shores, but many, especially of the insects, are
in no sense marine, being found anywhere in the interior where decay-
ing matters abound. The two-winged flies (Diptera,) of many kinds,
are especially abundant, and their larvae occur in immense numbers in
the decaying sea-weed. Some of these flies are, however, true marine
species, and live in the larval state in situations where they are sub-
merged for a considerable time by the tide. 1 have often dug such
larvee from the sand near low-water mark, and have also dredged them
at the depth of four or five fathoms off shore. During unusually high
tides immense quantities of the fly-larve will be carried away by the
encroachment of the waters, and thus become food for fishes of many
kinds, and especially for the young ones, which frequent the shallow waters
along the shores. There are also many species of beetles (Coleoptera)
which frequent these places, and several of them are genuine marine
insects, living both in the larval and adult conditions in burrows be-
tween tides. Among these are two or three species of Bledius, belong-
ing to the Staphylinidee ; several tiger-beetles (Cicindela,) and represen-
tatives of other families. The ¢ tiger-beetles ” are very active, carnivo-
rous insects and frequent the dry sands just above high-water mark;
when disturbed they rise quickly and fly away to the distance of sev-
eral yards before alighting. They are so wary that it is difficult to catch
them without a net. Most of the species reflect bright, metallic, bronzy or
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green colors, and many of them have the elytra more or less marked with
white. Mr. S. I. Smith found the larva of our largest species (C. gene-
rosa) at Iire Island, living in holes in the sand below high-water mark,
associated with the species of Talorchestia.

- Beneath the decaying sea-weeds on the sandy shores immense num-
bers of the lively little crustacean, Orchestia agilis, (p. 314, Plate 1V,
fig. 14,) may always be found. Two other related species, of larger size
and paler colors, but having the same habit of leaping, though not in
such a high degree, occur among the weeds, or burrowing in the sand,
or beneath drift-wood, &e., a little below high-water mark. In fact the
sand is sometimes completely filled with their holes, of various sizes.
Both these species are stout in' form, and become about an inch long
when mature. One of them, Zalorchestia longicornis, can be easily dis-
tinguished by its very long antennee ; the other, 7' megalophthalma, by its
shorter antennse and very large eyes. Both these species are pale gray-
ish, and imitate the color of the sand very perfectly. When driven
from their burrows by unusually high tides or storms they are capable
of swimming actively in the water. They make dainty morsels for fishes
and many shore birds, as well as for certain crabs, especially Ocypode
arenaria.

On sandy beaches near high-water mark, especially where the sand is
rather compact and somewhat sheltered, one of the ¢ fiddler-crabs,”
Gelasimus pugilator, is frequently found in great numbers, either run-
ning actively about over the sand, or peering cautiously from their holes,
which are often thickly scattered over considerable areas. 'These holes
are mostly from half an inch to an inch in diameter, and a foot or more
in depth, the upper part nearly perpendicular, becoming horizontal be-
low, with a chamber at the end. Mr. Smith, by lying perfectly still for
some time on the sand, succeeded in witnessing their mode of dig-
ging. In doing this they drag up pellets of moist sand, which they
carry under the three anterior ambulatory legs that are on the rear side,
climbing out of their burrows by means of the legs of the side in front,
aided by the posterior leg of the other side. After arriving at the
mouth of their burrows and taking a cautious survey of the landscape,
they run quickly to the distance often of four or five feet from the bur-
row before dropping their load, using the same legs as before and carry-
ing the dirt in the same manner. They then take another careful sur-
vey of the surroundings, run nimbly back to the hole, and atter again
turning their pedunculated eyes in every direction, suddenly disappear,
soon to reappear with another load. They work in this way both in the
night and in the brightest sunshine, whenever the tide is out and the
weather is suitable. In coming out or going into their burrows either
side may go in advance, but the male more commonly comes out with
the large claw forward. According to Mr. Smith’s observations this
species is a vegetarian, feeding upon the minute algae which grow upon
the moist sand. Infeeding the males use only the small claw with which
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they pick up the bits of alga very daintily ; the females use indifferently
either of their small claws for this purpose. They always swallow more
or less sand with their food. Mr. Smith also saw these crabs engaged
in scraping up the surface of the sand where covered with their favorite
algze, which they formed into pellets and carried into their holes, in the
same way that they bring sand out, doubtless storing it until needed
for food, for he often foand large quantities stored in the terminal
chamber. Mr.T. M. Prudden has since ascertained that one of the other
species of ¢ fiddlers” on our shores (G. mirnax) is also a vegetarian and
feeds upon similar algee, which grow on the muddy salt-marshes.

The Ocypoda arenaria is a crab allied to the ¢ fiddlers” and similar in
some of its habits. It is a southern species, ranging as far as Brauzil,
and adult specimens have not yet been observed on the coast of New
England, but Mr. Smith has observed the young in abundance at Fire
Island, and we have the young from Block Island ; it occurs at Great
Egg Harbor, New Jersey, of larger size, and therefore it may be lookeéd for
on the beaches of Nantucket and Martha’s Vineyard. This crab lives on
the beaches at, and even far above, high-water mark. Itdigslarge holes
like the fiddlers, often in the loose dry sand, back from the shore, yet
when disturbed it will sometimes take to the water in order to escape.
though it soon returns to the shore. In digging its holes, according to
Mr. Smith’s observations, it works in the same way as the ‘fiddler-
crabs,” except that it is quicker in its motions, and often, instead of car-,
rying the pellets of sand to a distance from the hole, it throws it away -
with a sudden and powerful jerk, scattering the sand in every direction,
It is even more cautiousin its movements, andis always on the alert, even
the slightest movement on the part of one who is watching them is
sure to send them all into their holes instantly. In color this species
imitates the sand very perfectly, especially while young, when they
are irregularly mottled and speckled with lighter and darker shades of
gray. They also have the habit of crouching down closely upon or
into the sand, when suddenly frightened, and aided by their colors will
often thus escape observation. At other times they will trust to their
speed and scamper over the sand with such swiftness that they are not
easily ecaptured. This erab is carnivorous 1n its habits and, according
to Mr. Smith’s observations, it lives largely upon the ¢ beach-fleas?”
(Talorchestia) which inhabit the same localities. It will lie in wait and
‘suddenly spring upon them, very much as a cat catches mice. It also
feeds upon dead fishes and other animals that are thrown on the shore
by the waves.

Another inhabitant of the upper part of the sand-beaches, just below
high-water mark, is the Scyphacella arenicola SMITH, which has, as yet,
been found only on the coast of New Jersey, but probably occurs far-
ther north. It is a small, sand-colored Isopod crustacean, which has no
near relatives, so far as known, except in New Zealand. It burrows in
the sand, making a little conical mound around the mouth of the holes.

5v
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The only Annelid observed high up on the sand-beaches is the slen-
der, white Halodrillus littoralis, referred to on page 324 which lives
under the decaying sea-weeds in great numbers.

On the lower parts of the sand-beaches, toward low-water mark, and
especially on the broad flats, which are barely uncovered by the lowest
tides, a much larger number of species occurs.

Among the Crustacea of these sandy shores we frequently find the
common Cancer irroratus, (p. 312,) which is very cosmopolitan in its
habits. Occasionally we meet with a specimen of Carcinus granulatus,
buat this is not its favorite abode; but the ¢“lady-crab ” or ¢ sand-crab,”
Platyonichus ocellatus, (Plate I, fig. 4,) is perfectly at home among the
loose sands at low-water mark, even on the most exposed beaches. This
species is also abundant on sandy-bottoms off shore, and as it is furnished
with swimming organs on its posterior legs, it can swim rapidly in the
water and was taken at the- surface in Vineyard Sound in several in-
stances, and some of the specimens thus taken were of full size. When
living at low-water mark on the sand-beaches it generally buries itself
up to its eyes and antenne in the sand, watching for prey, or on the look-
out for enemies. If disturbed it quickly glides backward and down-
ward into the sand and disappears instantly. This power of quickly
barrowing deeply into the sand it possesses in common with all the
other marine animals, of every class, which inhabit the exposed beaches
of loose sand, for upon this habit their very existence depends during
storms. By burying themselves sufficiently deep they are beyond the
reach of the breakers. The means of effecting this rapid burrowing are
very diverse in the different classes. Thus one of the fishes (Ophidium
marginatum), which lives in these places, has a long acute tail and by
its peculiar undulatory motions can instantly bury itself tail-first in the
sand. Others have acute heads and go in head-first.

The ¢lady-crab” is predacious in its habits, feeding upon various
smaller creatures, but like most of the crabs it is hlso fond of dead
fishes or any other dead animals. In some localities they are so abun-
dant that a dead fish or shark will in a short time be completely covered
with them, but if a person should approach they will all suddenly slip off
backwards and quickly disappear in every direction beneath the sand ;
after a short time, if everything be quiet, immense numbers of eyes
and antennz will be gradually and cautiously protruded from beneath
the sand, and after their owners have satisfied themselves that all is
well, the army of crabs will soon appear above the sand again and con-
tinue their operations. The color of this crab is quite bright and does
not imitate the sand, probably owing to its mode of concealment.
The ground-color is white, but the back is covered with annular spots
formed by specks of red and purple. Itis devoured in great numbers
by many of the larger fishes.

Another curious burrowing® creature, living under the same circam-
stances as the last, is'the Hippa talpoida, (Pate II, fig. 5.) But this
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species burrows like a mole, head-first, instead of backward. It can
also swim quite actively and is sometimes found swimming about in the
pools left on the flats at low-water. Itisoccasionally dug out of the sand
at low-water mark, and is often thrown up by the waves, on sand-
beaches, but it seems to live in shallow water on sandy bottoms in
great numbers, for in seining on one of the sand-beaches near Wood’s
Hole for small fishes, a large quantity of this species was taken. Its
color is yellowish white, tinged with purple on the back. It is one of
the favorite articles of food of many fishes. - Mr. Smith found the
young abundant at Fire Island, near high-water, burrowing in the sand.
This species is still more abundant farther south.

The curious long-legged ¢ spider-crab,” Libinia canaliculata, is fre-
quently met with at or just below low-water mark on sandy shores, but
its proper home is on muddy bottoms.

Creeping, or rapidly running, over the bottom in shallow water, or in
the tide-pools on the flats, the smaller ‘¢ hermit-crab,” Fupagurus longi-
carpus, (p. 313,) may almost always be observed ensconced in some dead
univalve shell, most commonly that of Ilyanassa obsoleta. 'This species
is still more abundant among eel-grass, and on muddy shores.

The common ¢ sand-shrimp,” Orangon vulgaris, (Plate III, fig. 10,)
always occurs in great numbers on the sandy flats and in the tide-pools
and rivulets, as well as on the sandy bottoms in deeper water off shore.
This species is more or less specked irregularly with gray, and imi-
tates the color of the sand very closely. When resting quietly on the
bottom, or when it buries itself partially and sometimes almost entirely,
except the eyes and long slender antenns, it cannot easily be distin-
guished by its enemies, and, therefore, gains great protection by its
colors. When left by the tide it buries itself to a considerable depth in
moist sand. It needs all its powers of concealment, however, for itis
eagerly hunted and captured by mnearly all the larger fishes which fre-
quent the same waters, and it constitutes the principal food of many of
them, such as the weak-fish, king-fish, white perch, blue-fish, flounders,
striped bass, &c. Fortunately it is a very prolific species and is abun-
dant along the entire coast, from North Carolina to Labrador, wherever
sandy shores occur. The young swim free for a considerable time after
hatching, and were taken at the surface in the evening, in large num-
bers. The common prawn, Palmmonetes vulgaris, (Plate 1I, fig. 9,)
often occurs, associated with the Crangon, but itis much more abundant
among the eel-grass, and especially in the estuaries where it has its
proper home. As this is one %f the most abundant species and of
great importance as an article of fish-food, it will be mentioned again,
with more details, in connection with the fauna of the estuaries.

Several species of smaller crustacea also burrow in the sand at low-
water mark. One of the most remarkable of these is an Amphipod, the
Lepidactylis dytiscus, which by its external form reminds one of Hippa,
with which it agrees in habits, for it burrows in the sand like a mole.
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It is also occasionally found under stones in sandy places. Its color is
pale yellowish white. The Unciola irrorata (Plate 1V, fig. 19) often
lives in tubes in the sand in abundance, but is by no means confined to
such localities, for it occurs on all kinds of bottoms and at all depths
down to at least 430 fathoms (off St. George’s Bank,) and is abundant
all along the coast, from New Jersey to Labrador. It is particularly
abundant on shelly and rocky bottoms, and although it habitually lives
in tubes, it does not always construct its own tube, but is ready and
willing to take possession of any empty worm-tube into which it can
get, and having once taken possession it seems to be perfectly at home,
for it remains near the end of the tube protruding its stout claw-like
antennge, and looking out for its prey, in the most independent manner.
It will also frequently leave its tube and swim actively about for a time,
and then return to its former tube, or hunt up a new one. It seems,
however, to be capable of constructing a tube for itself, when it can-
not find suitable ones ready-made. Its color is somewhat variable, but
it is generally irregularly specked with red and flake-white, and the
antennge are banded with red. It contributes very largely to the food
of many fishes, such as scup, pollock, striped bass, &c.

On the moist sand-flats curious crooked trails made by the Idotea
ceeca (Plate V, fig. 22) may generally be seen. This little Isopod bur-
rows like a mole just beneath the surface of the sand, raising it up.into
a little ridge as it goes along, and making a little mound at the end of
the burrow, where the creature can usually be found. This species is
whitish, irreg ularly specked with dark gray, so as to imitate the color
of the sand very perfectly. It isalso capable of swimming quite rapidly.
The Idotea Tuftsit is another allied species, having the same habits and
living in similar places, but it is much more rare in this region. It has
also been dredged on sandy bottoms off shore. It is a smaller species
and darker colored, with dark brown markings. The Idotea irrorata
(p. 316, Plate V, fig. 23) also occurs on sandy shores wherever there is
eel-grass, among which it loves to dwell.

The well known ¢ horseshoe-crab” or ¢king-crab,” Limulus Poly-
phemus, is also an inhabitant of sandy shores, just below low-water mark,
but it is more abundant on muddy bottoms and in estuaries, where it
burrows just beneath the surface and feeds upon various small animals.
At the breeding season, however, it comes up on the sandy shores to
deposit the eggs, near high-water mark. According to the statements
of Rev. S. Lockwood, (in American Naturalist, vol. iv, p. 257,) the
spawning is done at the time of high t¥les, during May, June, and July;
they come up in pairs, the males, which are smallest, riding on the
backs of the females and holding themselves in that position by the
short feet, provided with nippers, which are peculiar to the males. The
female excavates a depression in the sand and deposits the eggs in it,
and the male casts the milt over them, when they again return to
deeper water, leaving the eggs to be buried by the action of the waves.
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In aquaria, under favorable circumstances, the eggs hatch in about six
weeks, but in their natural conditions they probably hatch sooner than
this; under unfavorable conditions the hatching may be delayed for a
whole year. The eggs are very numerous. In addition to the interest-
ing observations of Mr. Lockwood, Dr. A. S. Packard has since given
more detailed accounts of the development of the embryos and young of
Limulus in the proceedings of the American Association for the Ad-
vancement of Science, 1870, p. 247, and in the Memoirs of the Boston
Society of Natural History, vol. ii, p. 1565, 1872.

Annelids are quite numerous on the sandy shores where the condi-
tions are favorable. It is evident that these soft-bodied creatures would
be quickly destroyed by the force of the waves and the agitation of the
sand, were they not provided with suitable means for protecting them-
selves. This is effected mainly in two ways: the sand-dwelling species
either have the power of burrowing deeply into the sand with great
rapidity, or else they construct long durable tubes, which descend deeply
into the sand and afford a safe retreat. Many of the active burrowing
species also construct tubes, but they usually have but little coherence
and are not very permanent, nor do they appear to be much relied on
by the owners. There is, however, great diversity both in the structure
and composition of the tubes of different species, and in the modes by
which the rapid burrowing is effected.

The large green Nereis (N. virems, p. 317) is found on the sandy
shores in places that are somewhat sheltered, especially if there be an
admixture of mud or gravel with the sand to give it firmness and
solidity. This species burrows deeply beneath the surface and lines
the interior of its large irregular burrows with an abundant mucus-like
secretion, which gives smoothness and some coherency to the walls,
but does not form a solid tube. With this, and in greater numbers, the
smaller species, Nereis limbata, (p. 318,) is also found, and its habits
appear to be essentially the same. Both this and the preceding can
burrow rapidly, but much less so than some other worms, and conse-
quently they are not well adapted to live on exposed beaches of moving
sands, but prefer coves and harbors. The two large species of Rhyn-
chobolus are much better adapted for rapid burrowing. Their heads
are very small and acute, and destitute of all appendages, except foar
minute tentacles at the end; the body is long, smooth, and tapers
gradually to both ends, and the muscular system is very powerful, and
so arranged as to enable these worms to coil themselves up into the shape
of an open spiral, like a corkscrew, and then to rapidly rotate them-
selves on the axis of the spiral. When the sharp head is inserted into
the loose mud or sand and the body is thus rotated, it penetrates with
great rapidity and disappears almost instantly. Both these species are
found on sandy as well as on muddy shores and flats near low-water
mark, and also in deeper water. The one usually most abundant is E.
dibranchiatus, (Plate X, figs. 43, 44 ;) this is readily distinguished by hav-
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ing a simple gill both on the upper and lower sides of the lateral append-
ages. The other, R. Americanus, (Plate X, figs. 45, 46,) has gills that
are more or less branched on the upper side of the appendages, as shown
in fig. 46, but none on the lower side; the appendages are also longer,
especially posteriorly, and differently shaped. The proboscis is remarka-
bly long and large, and when full y protruded itshows{our large, black,
sharp, fang-like jaws or hooks. Both these worms are destitute of true
blood-vessels, such as most of the allied worms possess, but have the
general cavity of the body filled, between the various organs, with
bright red blood, which shows through the skin, giving a more or less
red or purple color to the whole body and proboscis. '

The two species of Lumbriconereis already referred to (p. 320,) occur in
similar localities, and are usually associated with the two preceding spe-
‘cies, but they are less rapid burrowers and require for their safety lo-
calities where the sand is compact and mixed more or less with mnd,
or where it is somewhat sheltered from the force of the waves. In
sandy coves, and especially on the flats of sandy mud, close to low-
water mark, the smaller species, L. tenuis, is generally very abundant,
penetrating the sand, beneath the surface, in every direction. It is
often a foot or more in length when extended, and not much larger than
coarse thread or small twine, and bright red in color. When the sand
in these localities is turned up with a spade, their drawn-out, red, thread-
like bodies can usually be seen in large numbers, but they are so fragile
that it is difficult to obtain an entire specimen. The head is obtusely
conical, a little flattened, smooth, pale red, and iridescent, without eyes.
The other species, L. opalina V., (Plate X11I, fig. 69,) is much larger, grow-
ing to the length of eighteen inches or more, and about .10 to .12 of an
inch in diameter. Its color is dark bronze, or reddish brown, or pale
red, the surface reflecting the most brilliant opal-like colors. 1t is
easily distingunished from the L. tenuis by its four eyes in a row across
the back part of the head. Both these species, when removed from
their burrows, coil themselves in a long spiral. They burrow readily
and deeply, but not so rapidly as many other worms, and do not seem
to have permanent tubes. Another worm, found in similar places and
readily mistaken for L. tenwis on account of its long, slender, almost
thread-like body and red color, is the Notomastus filiformis V.; but
in this species the head is very acute, the lateral appendages and
setee are very different, and the color is paler red, with bands or rings
of bright red. This species has, moreover, a smooth, subglobular pro-
boscis, without jaws, while the former has a powerful set of compli-
cated jaws, without a distinct proboscis, and they are widely different in
internal anatomy. - The latter feeds upon the organic matter contained
in the mud that it swallows, while the species of Lumbriconereis are
carnivorous, feeding upon other worms, &c. A second and much larger
species of Notomastus oceurs in similar places, though apparently pre-
ferring a greater proportion of mud. This species, N. luridus V., grows



[343] INVERTEBRATE ANIMALS OF VINEYARD SOUND, ETC. 49

to be about ten inches long and .10 in diameter. Its color is a dark
purplish or lurid brown, specked with white, and sometimes inclined
to red. Its head is very acute, and it has a smooth, swollen, dark
blood-red proboscis. It is a rapid burrower, penetrating deeply into
the fine mud and sand. The Maldane elongata V. is another worm allied
to the last, and usually associated with it, but this species constructs
rather firm, round tubes out of the fine sand and mud, which are very
long and descend deeply into the soil, and are often .20 to .25 of an inch
in diameter. This worm is six or eight inches long, with a round body
of nearly uniform diameter, which looks as if obliquely truncated at
both ends, but the obliquely-placed upper surface of the head is bor-
dered by a slight ridge or fold on each side and behind. The color
is dark umber-brown, or reddish brown, the swollen part of each ring
often lighter grayish or yellowish brown, but usually bright red, owing
to the blood-vessels showing through. The intestine is large and filled
with sand. Another worm, belonging to the same family with the last
and, like it, constructing long, round tubes of agglutinated sand, is the
Clymenella torquata, (Plate X1V, figs. 71, 72, 73,) but this species often
lives where the sand is more free from mud, or even in nearly pure, sili-
ceous sand, and sometimes considerably above low-water mark, though
it is also found in deep water. It generally constructs its long and
nearly straight tubes very neatly, of fine white sand, without mud.
It loves, however, to dwell in sheltered spots, in coves, or in the lee
of rocks and ledges, and is also partial to those spots on the sandy
shores where eel-grass grows, building its tubes among the roots. Itisa
rather handsomely colored species, being usually pale red, with bright
red bands around the swollen parts of the rings, but it is sometimes
brownish red or dull brown. It can always be recognized by the pecu-
liar collar on the fifth ring, and by the peculiar funnel-shaped caudal
appendage, surrounded by small papille, and préceded by three seg-
ments or rings that are destitute of sete.

The large and singular worm, Anthostoma robustum V., (Plate XIV
fig. 76,) lives like the last, with which it often occurs, in nearly pure
sand, where it is somewhat sheltered from the violence of the waves,
but is also fond of places where there is more or less gravel mixed with
the sand. It sometimes occurs some distance above low-water mark,
and constructs & large, thick, somewhat firm tube by consolidating and
cementing the sand around its burrow. These tubes descend nearly
perpendicularly to a great depth, and can usually be distinguished by
a slightly elevated mound of dirt around the opening, which is usually
different in color from the surrounding sand; and sometimes there are
recently-ejected cylindrical masses of such earth on the summit of the
little hillocks. The worm itself, when full grown, is fifteen inches or
more in length, and nearly half an inch in diameter. The head is very
acute and the front part of the body is firm and muscular, with very
small lateral appendages, and fascicles of sete in four rows; but back
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of the twenty-fourth body-segment an appendage develops below the
lower tascicles of setw®, and farther back becomes broad, foliaceous, and
divided into several lobes; back of the twenty-eighth segment the
branchise appear in a row on each side of the back, and soon become
long and ligulate; at the sawme time other ligulate appendages develop
from the upper lateral appendages, which become dorsal, and these,
with the gills, form four rows of processes along the back, outside of
which are the elongated setee and other appendages. The posterior
part of the body is more slender and much more delicate than the an-
terior part, and so fragile that an entire specimen can rarely be obtained;,
and those that are obtained, when in confinement very soon detach
fragment after fragment, until only the anterior part is left. In their
natural habitations they would undoubtedly be able to reproduce their
lost parts, like many other annelids. The color of this worm is ocher-
yellow, tinged with orange, or dark orange ; there are usually two rows
of dark-brown spots along the back ; the branchisze are blood-red; and
posteriorly there is a brownish red median dorsal line. The proboscis
is very singular, for it is divided into several long, flat, digitate pro-
cesses, separate nearly to the base, and somewhat enlarged at the end.

Another species of this genus, of smaller size, 4. fragile V., often oc-
curs in the sandy flats in great numbers, its small holes sometimes com-
pletely filling the sand over considerable areas and extending nearly
up to half-tide mark. This species grows to the length of four inches
or more, with a diameter of about .10. Its head is even more acute
than in the last species, with a very slender, translucent apex. The
body has the same form, but is more slender. The processes above and
below the fascicles of seta begin to appear at the fourteenth segment,
and the set@e begin to be decidedly elongated at the fifteenth. The
dorsal branchi® begin on the sixteenth segment, and become long and
‘lignlate at the twentieth. The coloris yellowish orange toorange-brown;
the dorsal surface, posteriorly, and the branchise are red. The body
posteriorly is very slender and extremely fragile. The last or caudal
segment is smooth, oblong, with two long filiform cirri at the end. The
proboscis is large and broad, consisting of numerous, often convoluted,
lobes or folds, united by a thinner membrane or broad web.

The Aricia ornata V. is another related species, living in similar
places with the last and having similar habits. The héad is acute in
this species, but the dorsal branchise and lateral appendages com-
mence much nearer the head, and the side appendages are developed
into crest-like, transverse series of papillee, which cover the lateral and
ventral surfaces of the body anteriorly.

Two species of Spio also occur in similar situations inhabiting small
round tubes or holes made in the sand near low-water, often occuring
in great numbers in certain spots. They prefer localities that are not
exposed to the full force of the storms. One of these, S.setosa V. (Plate
X1V, fig. 77,) is remarkable for the length of the sete in the dorsal.
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bundles; the two large tentacles (of which only one is drawn in the
figure) are usually folded backward between the red dorsal branchize,
which form a row along the back on each side. The other, S. robusta
V., is a stouter species, which has much shorter setee in the dorsal fasci-
cles; the middle lobe of the head is emarginate in front and the lateral
lobes are convex. Both species have four small eyes on the top of the
head, those of the posterior pair nearest together. In similar places,
and often associated with the two preceding species, another allied
worm often occurs in great abundance, completely filling the sand, in
its chosen abodes, with its round vertical holes, and throwing out cylin-
ders of mud. It is so gregarious that in certain spots hundreds may be
found within a square foot, but yet a few yards away, on the same kind
of ground, none whatever may be found. This is Seolecolepis viridis
V. This species, like the two preceeding, has a pair of large tentacles
on the back part of the head, which are usunally recurved over the back
between the rows of ligulate branchiz, and four eyes on the top of the
head ; the central lobe of the head is slightly bilobed in front, the,lateral.
ones convex; the branchis are long, slender, lignlate, meeting over the
back, and exist only on about one hundred segments, or on about the
anterior third part of the body. The body is rather slender, depressed,
and about three inches long when full grown. The color is usually dark.
green, or olive-green, but sometimes light green, or tinged with reddish .
anteriorly; the branchise are bright red; the large tentacles are light
green, usually with a row of black dots, and often crossed by narrow
flake-white lines or rings. - This species has been found abundantly on
Naushon Island, and other localities in that region; at New Haven; and
at Somer’s Point and Beesley’s Point, New Jersey. With thelast species
at Great Egg Harbor, New Jersey, another more slender species of the
same genus occurred, Scolecolepis tenuis V. This was three or four
inches long and very slender; the body was pale green; the tentacles
longer and more slender than in the last, whitish, with a red central
line ; the branchise red, often tinged with green, shorter than in the last.
The head is relatively broad, with the central lobe rounded in front.
The branchias are confined to the anterior part of the body. The seta
in the upper fascicles are much longer than in the last species, those of
the three anterior segments longer than the others and forming fan-
shaped fascicles, directed upward and somewhat forward. :

Another singular Annelid, belonging to the same tribe and having
nearly the same habits, is represented in Plate XIV, fig. 78, this has
been found by Mr. A. Agassiz burrowing in sandy mud at about half-
tide, both at Naushon Island and at Nahant, Massachusetts, and he has
also described its development and metamorphoses, but I have not met
with the adult myself in this region, although the young were frequently’
taken in the towing-nets in the evening. Mr. Agassiz regards it as
perhaps jidentical with Polydora ciliatumn of Europe. It occurred in
large colonies, closely crowded together, building upright tubes in the'
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mud. The presence of a large group of peculiar stout setee on each side
of the fifth segment will distinguish this from all the preceding species.
The young of this, like those of most of the annelids, swim free at the
surface for some time, and are often taken in great numbers in the
towing-nets. :

The Nerine ayilis V., is still another representative of the group to
which the last five species belong, and like them it has two long and
large tentacles on its head, but it is a far more active and hardy species
than any of them, and much better adapted for rapid burrowing. It
accordingly lives on exposed beaches even where the sand is loose, and
can also maintain itself on the exposed sandy beaches of the outer ocean-
shores, exposed to the full force of the surf, its extremely quick burrow-
ing affording it the means of protecting itself against the action of the
sea. 1t lives in small round holes near low-water mark ; unlike the
related species, already mentioned, it has a very sharp conical head.
The two large tentacles are about half an inch long, and originate close
together on the upper side of the back of the head, and are usually re-
curved over the back when the worm is swimming in the water, as it is
capable of doing, but when it is wriggling about on the sand they are
twisted about in all directions and variously coiled; and when in their
holes the tentacles are protruded from the opening. The eyes are four,
small, black, placed close together in front of the base of the tentacles.
The upper lobe of the lateral appendages is large and foliaceous and
connected with the branchise along the anterior part of the body, but
partially free farther back. The body is two or three inches long and
rather slender; the color is reddish or brownish anteriorly, greenish
white on the sides, except on the anterior third; the branchis,
which extend the whole length of the body, are light red; tentacles
greenish white.

One of the largest and most beautiful Annelids of this region is
the Diopatra cuprea, (Plate XIII, figs. 67 and 68.) This species grows
to be more than a foot long, with the body depressed and often nearly
half an inch broad. It constructs a very curious permanent tube in
which it dwells very securely. The part of these tubes beneath the
surface of the sand is composed of a tough parchment-like material,
and often descends obliquely to the depth of two or three feet or more;
the upper end of the tube projects two or three inches from the surface
of the sand or mud, and is thickly covered with bits of eel-grass and
sea-weeds, fragments of shells, and other similar things, all of which are
firmly attached to the tube, but project externally in all directions, giv-
ing this part of the tube a very rough and ragged appearance exter-
nally, but it is very smooth within, and often it has an opening half an
inch in diameter, or large enough so that the worm can turn around,
end for end, inside of it. When undisturbed the occupant thrasts its
head and the anterior part of the body out of the tube to the distance
of several inches in search of food, or materials to add to its tube, ex-
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posing the curious bright red gills, which are shaped something like
miniature fir trees. The central stem is long and tapering, with a blood-
vessel winding spirally up to its summit, and another winding in the
opposite direction down to its base ; the basal part is naked, but above
this slender branches are given off, forming spirals all along the stem
and gradually decreasing in length to the tip; each of the branches con-
tains two slender blood-vessels. These branchize commence at the fifth
segment and do not extend to the end of the body, the last ones being
much smaller, with few branches. The first four setigerous segments
have an acute, conical, papilliform ventral cirrus at the base of the lateral
appendages; on the fifth and following segments these become low,
broad, rounded, whitish tubercles, with longitudinal wrinkles or grooves,
and with a dark spot in the middle; these appear to contain the glands
which secrete the cement used in constructing the lining of the tube, for
when attachingany additional object at the end, afteradjusting it in the de-
sired position the worm constantly rubs this part of the lower surface back-
ward and forward over the edge of the tube and the object to be cemented
to it, until a perfect adherence is effected, and a smooth coating of firm
mucus is deposited, and this operation is repeated for every piece added
to the tube. It is very interesting to watch these worms, when in con-
finement in an aquarium, while engaged in constructing their tubes.
By placing bits of bright colored shells, tinsel, cloth, or even pieces
of bright colored feathers, near the tubes, they can be induced to use
them, and thus some very curious looking tubes will be produced ;
but they evidently prefer the more rough and homely materials to which
they are accustomed, when they can be had. The iridescent, opaline
colors of this species are usually very brilliant and beautiful, especiallyon
the back, head, and bases of the antennse. The general color of the body
is reddish brown, or deep brown, thickly specked with gray; the an-
tennze are paler brown; the lateral appendages yellowish brown, finely
specked with white and dark brown; the gills usually blood-red, but
varying from light red to dark brown. There are two, small, black eyes
between the bases of the odd median and upper lateral antennse. This
gspecies is often quite abundant on the sand-flats near low-water mark,
especially where there is more or less mud mixed with the sand, but it
is still more abundant in the shallow or moderately deep waters off
shore, on muddy and shelly bottoms. It is difficult, however, to obtain
entire specimens with the dredge, for it usually merely cuts off the up-
per end of the tube, while the occupant retreats below; occasionally
the head of the worm is cut off in this way. On the shore, also, it is
not easy to obtain entire specimens unless the tubes be cautiously ap-
proached and the retreat of the worm prevented by a sudden and deep
thrust of the spade below it, so as to cut off the tube. This species is
carnivorous and has a very powerful set of black jaws, which are une-
qual on the two sides of the mouth, (fig. 68.)

The Marphysa Leidyi (p. 319, Plate XII, fig. 64) is allied to the pre-
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ceding species, and has somewhat similar habits, but does not construct
such perf:ct tnbes. It is oceasionally dug out of the sand at low- water,
but is much more common in deeper water.

The Staurocephalus pallidus V. is also an inhabitant of these sandy
shores, burrowing in the sand at low-water. It is a slender species,
about two inches long and one-tenth broad. It is peculiar in having
four long, slender antennse or tentacles on the front of the head, ar-
ranged in a cross-like manner, to which the generic name alludes.
There are also four, small, dark red eyes on the upper side of the head,
The cotor is pale yellowish, the red blood-vessels showing through an-
teriorly. This worm is allied to the two preceding, and to Lumbri-
conerets, and like them it is predacious in its habits and has a very
complicated set of jaws, consisting of numerous sharp, fang-like pieces
of various shapes, arranged in several rows on both sides.

The Sthenrelais picta V. is another curious Annelid, which is some-
times found burrowing in the sand at low-water mark, but it also occurs
on shelly and muddy bottoms in deep water. It has a long, slender
body, six inches or more in length, and the back is covered with two
rows of thin, smooth scales, which are very numerous. The head is
usually brownish, with a whitish spot on each side; there is generally
a dark brown band along the back; the scales are translucent, and
vary in their color-markings, but more commonly there is a border of
dark brown or blackish along the inner edge, which is usually con-
nected with a similar border along the anterior edge, or with an ante-
rior angular spot, and often with a dark border along the posterior
edge, leaving more or less of the central part of each scale white and
translacent.

The Nephthys picta (Plate XI1I, fig. 57) is also sometimes found bur-
rowing in sandy mud at low-water mark, but it is much more frequent
in the deeper waters of the sounds. It can be distingunished at once
from all the other species of Nephthys found in this region by its greater
slenderness, and by having the body whitish and variously marked or
mottled on the back, toward the head, with dark brown; it sometimes
has a dark brown median dorsal-line. The shape of the head and posi-
tion of the tentacles are also peculiar.

In sheltered situations, where there is some mud with the sand, the
Cirratulus grandis V., (p. 319, Plate XV, figs. 80, 81,) is often met with
burrowing beneath the surface. In similar places, and also in nearly
pure, compact sand, and in sand mixed with gravel, the large tubes of
Amphitrite ornata (p. 320, Plate XVI, fig. 82) are often to be seen;
these show a round opening, a quarter of an inch or more in diameter,
surrounded by a slightly raised mound of sand, often different in color
from that of the surface, and sometimes there are cylinders of such
sand around the opening. These tubes are scarcely to be distinguished
from those of Anthostoma robustum, described above, and are found in
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similar places. But the worms are very unlike in appearance and
structure.

Several species of slender, greenish worms, belonging to the gen-
era, Phyllodoce, Eumidia, Eulalia, and Eteone, are occasionally dug out of
the sand. In all these the head is well-developed and provided with
foar antenne at the end, and in the three last with an odd median
one on its upper side, and they all have two well-developed eyes,
and oval or lanceolate, leaf-like branchise along the sides of the back.
They are very active species, and most of them belong properly to
the shelly and rocky bottoms in deeper water, where they are often
very abundant. In sheltered coves, where there is mud with the sand,
Cistenides Gouldii V., (p. 323, Plate XVI1I, figs. 87, 87a,) often occurs,
but it is more partial to the muddy shores. On various dead shells, as
well as on certain living ones, and on the back of Limulus, &c., the
masses of hard, sandy tubes, built and occupied by the Sabellaria vul-
garts V., (p. 321, Plate XV1I, figs. 88, 88a,) often occur.

Of the Nemerteans the largest and most conspicuous is the Meckelia
ingens {(p. 324, Plate XIX, figs. 96, 96a.) This species lives in the
clear sand, near low-water mark, as well as in places that are more or
less muddy, and notwithstanding its softness and fragility, by its means
of burrowing rapidly, it can maintain itself even on exposed shores,
where the sands are loose and constantly moved by the waves. The
young, several inches or even a foot in length, are quite common, but
the full-grown ones are only occasionally met with. The largest that I
have found were at least 15 feet long, when extended, and over an inch
broad, being quite flat; but they co (ld contract to two or three feet in
length, and then became nearly cylindrical and about three-quarters
of an inch in diameter; the body was largest anteriorly, tapering very
gradually to the posterior end, which was flat and thin, terminated by
a central, small, slender, acute, contractile process one-quarter of an
inch or less in length. The proboscis of the largest one, when pro-
truded, was fifteen inches long, and about one-fifth of an inch in diame-
ter where thickest. This proboscis, which is forcibly protruded from a
terminal opening in the head, appears to be an organ of locomotion, at
least to a certain extent, for when it penetrates the loose sand in any
direction it makes an opening into which the head can be thrust, and
then, by enlarging the opening, it ecan easily penetrate. But the pro-
boscis is probably used, also, as an instrument for exploring the sand
in various directions, either in search of food or to test its hardness or
fitness for burrowing, thus economizing time and labor. At any rate,
the ways in which this remarkable instrument is used by these worms,
when kept in confinement with sand, suggest both these uses. But
the proboscis is by no means the principal organ of locomotion, for the
head itself is used for this purpose, urged forward by the uudulatory
movements of the muscular body, and aided by the constantly chang-
ing bulbous expansions, both of the head and body, which both crowad
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the sand aside, making the burrow larger, and furnish points of resist-
ance toward which the parts behind can be drawn, or against which
the head and anterior parts can push in econtinuing the burrow.
The head, moreover, is extremely changeable in form, at one time
being spear-shaped, with a pointed tip and thin edges, and con-
stricted at the mneck; in the next minute broadly rounded; then
perhaps truncate or even deeply emarginate at the end ; then gradually
losing its distinctness and blending its outlines continuously with
those of the body; or perhaps shrinking down to a small oval form,
not more than one-third as wide as the body just back of it. .All these
and many other changes can often be witnessed within a very few min-
utes, and are so effected as greatly to aid the creature in burrowing
This worm can also leave the bottom and swim rapidly in the water,
the body being usually kept up edgewise and impelled forward by the
undulations of the body, which thus become horizontal. When swim-
ming in this way the motion reminds one of the swimming of a snake
or an eel. In addition to the terminal pore, for the proboscis, there
is a deep lateral slit or fossa on each side of the head, and a large ven-
tral orifice beneath. The latter is very changeable in form, changing
from elliptical, long oval, oblong, or hour glass-shape, to circular in rapid
succession. There are no eyes. Along each side of the greater part or
the length of the body, the “voluminous, transversely-banded lateral
organs can be imperfectly distinguished through the translucent integ-
ument, as well as the median cavity, in which a dark pulsating tube can
sometimes be seen. The lateral organs commence at about the anterior
fourth in small specimens, but in the larger ones relatively nearer the
head, for in the largest they originate only six or eight inches back of
-it. * The portion in front of the lateral organs is thicker and more cy-
lindrical than the rest of the body.

The color of the largest specimens is generally light red or flesh-color,
with the lateral edges and central band translucent grayish white, the
lateral organs showing through as duall yellowish transverse branches,
with diverticula between them ; head yellowish. But one large speci-
men was dull brownish yellow ; others are yellowish white, with the
lateral organs deep chestnut-brown, crossed by white lines. The small
specimens are generally paler, usually pale flesh-color or yellowish
white and often milk-white. Some of the diversity in color may be
due to sexual differences. This species has also been dredged on sandy
and shelly bottoms in six to eight fathoms in the sounds.

Dr. Leidy has also described another similar species, from Great Egg
Harbor, under the name of Meckelia lactea, which I have not been able
to distinguish, unless it be what I have regarded as the light-colored
young of M. ingens ; the white color seems to have been the principal
character by which it was distinguished from the latter.

The Meckelia rosea is, however, a very distinct species, but it lives in
‘similar places and is often associated with the A1. ingens. It has very sim-
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ilar habits, but does not grow to a very large size. The largest specimeng
observed are only six oreight inches long, and about a fifth of an inch
broad. The body is also more cylindrical, the flattened part being rel-
atively thicker and narrower, and not thin at the edges; in contraction
it becomes nearly cylindrical. The lateral fossa of the head are long and
deep ; the ventral opening is relatively much smaller than in M. ingens
and usually round. The proboscis is very long, slender; color, light
purplish red or rose-color. The integument is rather firm and secretes
a tenacious mucus to which a thin coating of sand often adheres when
the worms are taken from their burrows. This species seems to con-
struct an imperfect tube by slightly cementing the sand with its mucus.
All these species of Meckelia when caught and when kept in confine-
ment generally break off portions from the posterior part of the body,
one dfter another, until nothing but the head and a lot of short segments
remain. Under favorable conditions they would doubtless be able to
restore the lost parts, for other Nemerteans, having the same habit, are
known to do so, and in some cases even the small fragments from the
central parts have been known to again become entire worms. Various
fishes feed upon these Meckelice, and it is probable that the habit of dis-
membering, or rather disarticulating themselves, may serve an impor-
tant purpose, by enabling them to escape, in part at least, when seized
by fishes or crabs, for if even half the body should be lost the remaining
half would be much better than nothing, for it could soon restore either
a head or a tail.

Another Nemertean, which lives in sand at low water, is the Zetra-
stemma arenicola V., (Plate XIX, fig.98.) This is slender, subcylindrical,
and four or five inches long when extended. The head is versatile in
form,.usually lanceolate or subconical, and has four eyes on the upper
side. There is a deep fossa on each side of the head. The ventra
opening, which is behind the lateral fossge, is' small, triangular. The
-color is deep flesh-color or light purplish.

The Balanoglossus aurantiacus is a very remarkable worm, related to
the Nemerteans, which lives in the clear, siliceous sand near low-water
mark. . It is gregarious in its habits and occurs abundantly in certain
spots, although not to be found in other similar places near by. It
makes tubes or holes in the sand, twelve or fourteen inches deep, and
lined with a thick and smooth layer of mucus. Itthrows out of the orifice
peculiar elliptical coils of sand, by which the nature of the occupant
may be known. This species was found by our party on the shore of
Naushon Island, but Mr. A. Agassiz has found it abundantly at New-
port, and on the beach just beyond Nobska Light, and also at Beverly,
Massachusetts. Dr. Packard informs me that he has collected it at
Beaufort, North Carolina, and I have received specimens found at Fort
Macon, from Dr. Yarrow. The specimens first discovered were found at
Charleston, South Carolina, by Dr. William Stimpson, twenty years ago,
but they were only briefly and imperfectly described by Mr. Girard, at
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that time, under the name of Stimpsonia aurantiaca. Mr. A. Agassiz
has recently described and illustrated this worm, very fully, under the
new name, B. Kowalevskii, in the Memoirs of the American Academy
of Arts and Sciences, vol. ix, p. 421, and he has also given an account of
its remarkable development and metamorphoses, proving that the larva
is a free-swimming form, long known as Zornaria, and generally sup-
posed to be the larva of a star-fish. This worm, when full grown, attains
a length of six inches or more and a diameter of about a quarter of an
inch. The body is elongated, tapering gradually, with a long, slender
posterior portion. The body is somewhat flattened dorsally throughout
most of its length. At the anterior end it is furnished with a broad
thickened collar, in which large numbers of mucus-secreting glands are
situated ; the anterior border of the collar is undulated, and from within
the concavity, on the dorsal side arises a large muscular proboscis, which
has a distinet peduncle, or narrower basal stem, above which it swells
out into a somewhat flattened, long, pyriform, or elongated and sub-
conical form, the shape constantly changing during life. The proboscis
is somewhat wrinkled longitudinally, and more strongly horizontally,
being furnished with muscles running in both these directions, and its
sarface contains mucus-secreting glands. According to Mr. Agassiz
the cavity of the proboscis is not connected with the alimentary canal,
but opens externally by a pore at the end, and by a narrow slit on the
-ventral side near the base, in advance of the mouth. The mouth is
large and situated at the base of the proboscis on the ventral side. For
some distance along each side of the back, behind the collar, is a row
of complex gills; these are remarkable on account of their structure
and position; they are formed from diverticula of the cesophagus and
finally communicate with a row of external orifices situated along each
side of the median dorsal-vessel. The gills are supported by a system
of solid supports, constituting a sort of internal skeleton; the base of
the proboscis is also connected with a firm internal frame-work. The
color of this species is somewhat variable ; in young specimens the body
was brownish yellow with lighter mottlings, the collar red, and the pro-
boscis white ; in large specimens the proboscis is pale reddish yellow,
the collar darker colored, the body purplish or brownish, the sides mot-
tled with greenish and whitish, owing to the lateral organs or liver
showing through. The proboscis of this worm, aceording to the obser-
vations of Mr. Agassiz, is the principal organ of locomotion, but the
collar also aids in the movements. The proboscis appears to be used
much as certain bivalve mollusks, such as Solen, Petricola, &c., use their
foot in burrowing ; the end being contracted to a point, is thrust for-
ward into the sand; water being then forced into it, by the muscles far-
. ther back, the end expands into a bulb, enlarging the hole and giving a
point of resistance toward which the rest of the body can be drawn;
the front part of the proboscis being again contracted and the water
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expelled, the point can be again thrust forward and the movements
repeated.

Two species of Sipunculoid worms are also found living in the sand
at low-water. The largest and most common of these is the Phascolos-
oma Gouldii, (Plate X VIII, fig. 93.) This species grows to the length of
a foot or more, and is often nearly half an inch in diameter, though
more commonly about a quarter of an inch. The body is round and
constantly changing in size and shape, owing to its contractions and
expansions ; the surface is smoothish, but longitudinally lined with mus-
cular fibers anteriorly, and transversely wrinkled posteriorly. The in-
tegument is firm and parchment-like. The mouth is surrounded by
numerous short tentacles, which are partially connected together by a
thin web, and crowded together in several circles. The color is yellow-
ish white, grayish white, or yellowish brown. It burrows deeply in the
sand and gravel, using its body for this purpose very much as the
Balanoglossus, just described, uses its proboscis.

Another much smaller species of the same genus occurs in sand at
low-water, and has similar habits, but it appears to be rather uncom-
mon and has not been satisfactorily identified. '

Comparatively few species of Mollusks naturally inhabit sandy shores,
though the shells of many species may be found on the beaches. On
the more exposed beaches of loose siliceous sand none but those which
have the power of burrowing quickly and deeply beneath the surface
can exist. We find, however, that quite a number of our species, both
of gastropods and bivalves, possess this power in a high degree and do
habitually live on the exposed beaches of loose sand.

Among the Gastropods one of the largest and most conspicuous is
the Lunafia heros, (Plate XXIII, figs. 133-136.) This species occurs all
along our coast, from the Gulf of St. Lawrence to Cape Hatteras or be-
yond, wherever sandy shores .and pure waters are  to be found, and it
even seems to prefer the outer ocean beaches, where the waves break with
full force, for it is abundant and of very large size on the outer beaches
of the coast of New Jersey. When in motion (Fig. 134) the white soft
parts are protrnded from the shell to a remarkable extent and spread out
broadly on all sides, so as to nearly conceal the shell; the foot is large, flat,
and broadly expanded, with thin edges, and by means of it the animal
is able to burrow, like a mole, beneath the surface of the sand, both for
protection and in search of the bivalve shells upon which it preys. The
foot when well expanded is concave below and lubricated by a very
abundant secretion of mucus, and therefore, when extended beneath the
surface of the nroist sand, it acts like a great sucker, holding the animal
in place pretty firmly by the atmospheric pressure, thus serving as a
sort of anchor in the sand. But nevertheless large numbers of these
mollusks are uncovered, overturned, and thrown high up on the beaches
by the storms, especially in winter and early spring. This species, like
many others of its tribe, drills round holes through the sides of various

6 Vv
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‘bivalve shells by means of the small flinty teeth on its lingual ribbon,
which acts like a rasp, and having thus made an opening it inserts its
proboscis and sucks out the contents. _All sorts of burrowing bivalves
in this way fall victims to this and the following species, nor do they
confine themselves to bivalves, for they will also drill any unfortunate
gastropods that they may happen to meet, not even sparing their own
young. '

A variety of this species (var. triseriata, Plate XXIII, figs. 135, 136)
has three revolving rows of chestnut or purplish spots, and has been
regarded by most writers as a distinet species, and sometimes as the
young ; but both the plain and spotted shells occur of all sizes, from the
the youngest to the oldest, and they are nearly always found together.
In some cases, however, a shell that has the spots well defined until
half grown, afterwards loses its spots and becomes perfectly plain, show.
ing that the difference is only a variation in the color, but each style
varies considerably in form.

Another allied shell, growing nearly as large and generally much
more abundant, except on the outer beaches, is the Neverita duplicata,
(Plate XXIII, fig. 130.) This species has the same habits as the pre-
ceding and in this region they are often found together; but this is a
more southern species, extending to the Gulf of Mexico and even to
Texas, but it is not very common north of Cape Cod and does not
extend to the eastern coast of Maine and Bay of Fundy.

The curious egg-cases of this and the last species are often met with
on the sandy and muddy flats at low-water. They consist of a broad,
thin ribbon of sand, coiled up into a circle and shaped something like a
saucer, but without a bottom ; the ribbon is composed of innumerable
little cells, each containing one or more eggs and surrounded with
grains of fine sand cemented together by mucus. The cells can easily
be. seen by holding one of these ribbons up to the light and looking
through it. The peculiar form of these egg-masses is due to the fact
that they are molded into shape by being pressed against the body of the
shell when they are being extruded, and while they are still soft and
gelatinous ; they thus take the form and spiral curvature of that part
of the shell, and when laid in the sand the fine grains at once adhere
to and become imbedded in the tenacious mucus, which soon hardens.

The Tritia trivittata (Plate XXI, fig. 112) is also frequently found on
sandy shores and flats. When left by the tide it creeps along the sur-
face of the sand, leavinglong crooked trails, and sometimes burrows be-
neath the surface, and when burrowing it moves with the aperture down-
ward and the spire pointing obliquely upward, but when at rest in its
burrow it reverses its position and rests with the spire downward and
the aperture toward the surface.

The Ilyanassa obsoleta- (Plate XXI, fig. 113) is also generally to be
found in considerable numbers creeping over the flats, and making trails
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and burrows like the last, but this species has its proper home on the
muddy shores and in estuaries, and will, therefore, be mentioned again.

At certain times, especially in the spring, multitudes of the young
shells of Bittium nigrum (p. 305, Plate XXIV, fig. 154) are found .
creeping on the surface of the moist sand in sheltered places, at low-
water, and generally associated with large numbers of the Astyris lunata,
(p. 306, Plate XXII, fig. 110.) But this is not the proper habitat of
either of these species; the reason of this habit is not obvious, unless
they may have been accidentally transported to such places. They may
be found, however, on the eel-grass growing on sandy shores. The
Lacuna vincta (p. 305, Plate XXIV, fig. 139) also frequently occurs on
eel-grass and sea-weeds in such places.

The Crepidula fornicata (Plate XXIII, figs. 129, 129a) and C. ungui-
SJormis (Plate XXIII, fig. 127) occur on shells inhabited by the hermit
~erabs as well as on the living shells of oysters, Pecten, Limulus, &c; and
the smaller and darker species, C. convexa, (Plate XXIII, fig. 128) occurs
both on the eel-grass, and on the shells of Ilyanassa obsoleta, especially
when occupied by the small hermit-crabs. Occasionally specimens
of Pulgur carica (Plate XXII, fig. 124) and of Sycotypus canalicu-
latus are found crawling on sandy flats or in the tide pools, espec-
ially during the spawning season, but they do not ordinarily live in
such situnations, but in deeper water and on harder bottoms off shore.
The curious egg-cases of these two species are almost always to be found
thrown up by the waves on sandy beaches. They consist of a series of
disk-shaped, “subcircular, or reniform, yellowish capsules, parchment-
like in texture, united by one edge to a stout stem of the same kind of
material, often a foot and a half or two feet in length. The largest
capsules, about an inch in diameter, are in the middle, the size decreas-
ing toward each end. On the outer border is a small circular or oval
spot, of thinner material, which the young ones break through when
theéy are ready to leave the capsules, each of which, when perfect, con-
tains twenty to thirty, or more, eggs or young shells, according to the
season.

Dr. Elliott Coues, who has observed F. carica forming its cases at
Fort Macon, North Carolina, states that the females bury themselves a
few inches below the surface of the sand on the flats that are uncovered
at low-water, and remain stationary during the process. The string of
capsules is gradually thrust upward, as fast as formed, and finally pro-
trudes from the surface of the sand, and when completed lies exposed
on its surface. The string begins as a simple shred, two or three inches
long, without well-formed cases ; the first cases are small and imper-
fect in shape, but they rapidly increase in size and soon become perfect,
the largest being in the middle; the series ends more abruptly than it
begun, with a few smaller and less perfect capsules. The number of
capsules varies considerably, but there are usually seventy-five to
one hundred or more. At Fort Macon Dr. Coues observed this species
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spawning in May, but at New Haven they spawn as early as March and
April. It is probable that the period of spawning extends over several
months. Mr. Sanderson Smith thinks that they also spawn in autumn,
on Long Island. It is not known how long a time each female requires
for the formation of her string of capsules. There are two forms of these
capsules, about equally abundant in this region. In one the sides of
the capsules are nearly smooth, but the edge is thick or truncate along
most of the circumference, and crossed by numerous sharp transverse
ridges or partitions, dividing it into facets. Dr. Coues states that these
belong to F. carica. An examination of the young shells, ready to leave
the capsules, confirms this. The other kind has larger and thinner cap-
sules, with a thin, sharp outer edge, while the sides have radiating
ridges or raised lines. Sometimes the sides are unlike, one being smooth
and more or less concave, the other convex and crossed by ten or twelve
radiating, elevated ridges, extending to the edge. This kind was attrib-
uted to F. carica by Dr. G. H. Perkins, and formerly by Mr. Sanderson
Smith, but a more careful examination of the young shells, within the
capsules, shows that they belong to S. canaliculata.

Among the sand-dwelling bivalve shells we find quite a number of
species ithat burrow rapidly and deeply, some of them living in perma-
nent holes or perpendicular burrows, into which they can quickly de-
scend for safety, and others burrowing in the sand in all directions,
without permanent holes.

The ¢ razor-shell,” FEnsatella Americana, (Plate XXVI, fig. 182, and
Plate XXXII, fig. 245,) is a common inhabitant of sand-flats and sand-
bars, where the water is pure, generally living near low-water mark or
below, but sometimes found considerably above low-water mark, as on
the sand-bar at Savin Rock. This curious mollusk constructs a deep,
nearly round, somewhat permanent burrow, which descends nearly per-
pendicularly into the sand to the depth of two or three feet. These
holes can generally be recognized, by their large size and somewhat
elliptical form, when the tide is out. Sometimes they are very abundant
in certain spots and not found elsewhere in the neighborhood. They
sometimes come to the top of the burrow, when left by the tide, and pro-
ject an inch or two of the end of the shell above the surface of the sand ;
at such times, if cautiously approached, many can easily be secured by
pulling them out with a sudden jerk, but if the sand be jarred the whole
colony will usually take the alarm and instantly disappear. When thus
warned it is generally useless to attempt to dig them out, for they quickly
descend beyond the reach of the spade. They will often hold themselves
so firmly in their holes by means of the expanded end of the long mus-
cular foot, that the body may be drawn entirely out of the shell before
they will let go. When not visible at the orifice they can often be se-
cured by cutting off their retreat with a sudden oblique thrust of the
spade below them. They are obliged to come up to the upper part of
the burrow on account of the shortness of their siphons, or breathing-
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tubes, which can be protruded only about an inch in specimens of the
ordinary size, and as they depend upon one of these to bring them both
food and oxygen, and on the other (dorsal) one to carry off the waste
water and excretions, it is esdential for their happiness that the orifices
of these tubes should be at or near the opening of the burrow most of
the time. 1In this respect the common-+ long clam,” Mya arenaria, (fig.
179,) and many others that have very long and extensile tubes have a
great advantage. But the ¢ razor-shell” makes up for this disadvan-
tage by its much greater activity. Its foot, or locomotive organ, (see
fig. 182,) is long and very muscular and projects directly forward from
the anterior end of the shell; at the end it is obliquely beveled and
pointed, and it is capable of being expanded at the end into a large bulb,
or even into a broad disk, when it wishes to hold itself firmly and se-
curely in its burrow. In excavating its burrows it contracts the end of
the foot to a point and then thrusts it beneath the surface of the sand ;
then, by forcing water into the terminal portion, it expands it into a
swollen, bulbous form, and thus crowds the sand aside and enlarges the
burrow ; then, by using the bulb as a hold-fast, the shell can be drawn
forward by the contraction of the foot; the latteris then contracted into
a pointed form and the same operations arerepeated. The burrow thus
started soon becomes deep enough so that the shell will maintain an up-
right position, when the work becomes much easier and the burrow
rapidly increases in depth. The ¢ razor-shell,” like all other bivalves,
depends upon the minute infusoria and other organic particles, animal
and vegetable, brought in by the current of water that supplies the gills
with oxygen. It is preyed upon by several fishes that seem to be able
to root it out of the sand, or perhaps seize it when at the surface. In
this region its principal enemies are the tautog and skates. The latter
appear to eat only the foot, for in their stomachs there are sometimes
many specimens of this organ, but no shells or other parts.

The common ¢long clam,” Mya arenaria, (p. 309, Plate XXVI, fig.
179,) is also found on sandy shores from low-water nearly up to high-
water mark, but it prefers localities where there is more or less gravel
or mud with the sand, so as to render it compact, and it has a decided
preference for sheltered localities, and especially abounds on the shores
of estuaries where there is a mixture of sand, mud, and gravel. It will,
therefore, be more particularly mentioned among the estuary species.
Yet it is often found even on the outer ocean-beaches, in favorable lo-
calities, but not in the loose sands. It lives in permanent burrows, and
on account of its extremely long siphon-tubes, which can be stretched
out to the length of a foot or more, it is always buried at a considerable
depth beneath the sand. The specimens of this shell that live on the
outer sandy beaches are much thinner, whiter, and more regular in form
than those found in the estuaries ; they are often quite delicate in text-
ure, and covered, even when full grown, with a thin, yellowish epidermis,
and look so unlike the homely, rough, and mud-colored specimens usually
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sold in the markets, that they might readily be mistaken for another
species. ,

The ¢ sea-clam ” or ¢ surf-clam,” Mactra solidissima, (Plate XX VIII,
fig. 202,)is a large species which belongs properly to the sandy shores, and
is seldom found elsewhere. It is common both in the sounds and on the
outer ocean-beaches, but is not very often found above low-water of or-
dinary tides unless thrown up by the waves. Its proper home is on
sandy bottoms in shallow water, just beyond low-water mark and down
to the depth of four or five fathoms. It occurs all along our coast,
wherever there are sandy shores, from North Carolina to Labrador. Its
shells are extremely abundant and of very large size on the outer sand-
beaches of New Jersey and the southern side of Long Island. This
species grows very large, some of the shells being more than six inches
long and four or five broad ; and there is great variation in the form of
the shell, some being oval, others more oblong or elliptical, and others
nearly triangular; some are very swollen, others quite compressed ; but
all the intermediate grades occur. The siphon-tubes are quite short and
the creature does not usually burrow very deeply, nor does it seem to
construct any permanent burrows. But it has a very large muscular,
compressed foot, with which it can quickly burrow beneath the surface
of the sand. Nevertheless large numbers are always thrown on the
beaches by violent storms, and once there they are very soon devoured
by crows, gulls, and other large birds that frequent the shores. This
species is not very largely used as food, and is seldom seen in our mar-
kets; partly because it cannot usually be so easily obtained in large
quantities as the common ¢ long clam” and ‘*round clam,” and partly
because it is generally inferior to those species as an article of food, for
the meat is usually tougher, especially in the largest specimens. But
moderate-sized and young ¢ surf-clams” are by no means ill-flavored or
tough, and are quite equal in quality to any of the other clams, either
“Jong” or ‘“round,” that are ordinarily sold in the markets.

The Siliqua costatas, (Plate XXXII, fig. 244,) Lyonsia hyalina, (Plate
XXVII, fig. 194,) and Levicardium Mortoni, (Plate XXIX, fig. 208,) are
usually to be found on sandy shores and beaches, often in considerable
numbers, but they do not naturally live above low-water mark, and,
when found higher up, have probably been carried there by the action
of the waves. Their proper homes are on sandy bottoms, in shallow
water off shore. They are all rapidly burrowing species, and can live,
for a time at least, in the loose sand above low-water mark.

The Angulus tener (Plate XXV, fig. 180, animal, and Plate XXX, fig.
223, shell) is a species that is partial to sandy bottoms and sandy
shores, though it is also often found in soft mud. It frequently occurs
living at low-water mark, but is more abundant in deeper water. It is
a rapid burrower, and has remarkably long, slender, white siphons,
which are entirely separate, from the base, and very flexible. On account
of the length of these tubes it can remain buried to a considerable
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depth beneath the surface of the sand, merely projecting the tubes up-
ward to the surface. Itis, nevertheless, like other bivalves, often rooted
out of its burrows and devoured by many fishes, especially, in this re-
gion, by the ¢ scup?” and flounders. 'This species is found all along the
coast, from the Gulf of Saint Lawrence to South Carolina.

The Macoma fusca (Plate XXX, fig. 222) is a related species, also
furnished with similar, verylong, slender, separate tubes, and is, therefore,
able to live deeply buried beneath the surface. This species is much more
abundant than the preceding, between tides, but it most abounds on
shores that are more or less muddy, and in estuaries. But when living on
the sandy shores, and where the water is pure, it becomes much smoother
and more delicate, and is often of a beautiful pink-color and much
larger than the specimen fignred. When living in the muddy estuaries
it generally has a rough or eroded surface, more or less irregular form,
and a dull white or muddy color, often stained with black, resembling
in color the Mya arenaria, with which it is sometimes associated. 1t is
dug up and eaten by the tautog and other fishes.

The pretty little Tottenia gemma (Plate XXX, fig. 220) is a -species
peculiar to sandy shores, both above and below low-water mark ; and
it often occurs in immense nambers on the sandy flats laid bare by the
tides, buried just beneath the surface of the sand. Owing to its small
Size it is, however, liable to be overlooked, unless particularly sought
for. It is an active species and burrows quickly. It is peculiar in be-
ing viviparous, as was first observed by Mr. G. H. Perkins, who found,
in January, from thirty to thirty-six, well-formed young shells, of nearly
uniform size, in each of the old oues. This shell has a lustrous, con-
centrically grooved surface ; the color is yellowish white or rosy, with
the beaks and posterior end usoally purple or amethyst-color. Itoccurs
all along the coast from Labrador to South Carolina. The common
“round clam ” or ‘ quahog-clam,” Vnus mercenaria, (Plate XXVI, fig.
184, animal,) is also common on sandy shores, living chiefly on the
sandy and muddy flats, just beyond low-water mark, but is often found
on the portion laid bare at low-water of spring-tides. It also inhabits
the estuaries, where ic most abounds. It burrows a short distance be-
low the surface, but is often found crawling at the surface, with the shell
partly exposed. It has short siphon-tubes, united from the base to
near the ends, and a large, muscular foot, with a broad, thin edge, by
means of which it can easily burrow beneath the sand when necessary.
The lobes of the mantle are separate all around the front and ventral
edge of the shell, and their edges are thin, white, and folded into deli-
cate frills, some of which, near the siphon-tubes, are elongated and
more prominent. Owing to the broad opening in the mantle, the foot
can be protruded from any part of the ventral side, and has an ex-
tensive sweep, forward and backward. The foot and mantle edges
are white ; the tubes are yellowish or brownish orange toward the end,
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more or less mottled and streaked with dark brown, and sometimes with
opaque white.

- This species is taken in large quantities for food, and may almost al-
ways be seen of various sizes in our markets. The small or moderate-
sized ones are generally preferred to the full-grown clams. Most of
those sold come from the muddy estuaries, in shallow water, and are
fished up chiefly by means of long tongs and rakes, such as are often used
for obtaining oysters. Sometimes they are dredged, and occasionally
they can be obtained by hand at or just below low-water mark. These
estuary specimens usually have rough, thick, dull-white, or mud-stained
shells, but those from the sandy shores outside have thinner and more
delicate shells, often with high, thin ribs, especially when young; and
in some varieties the shell is handsomely marked with angular or zig-
zag lines or streaks of red or brown, (var. notata.) These varieties
often appear so different from the ordinary estuary shells that many
writers have described them as distinet species, but intermediate styles
also occur. This species is very abundant along the coast from Cape
Cod to Florida; north of Cape Cod it is comparatively rare and local-
It does not occur on the coast of Maine or in the Bay of Fundy, except
in a few special localities, in small, sheltered bays, where the water is
shallow and warm, as at Quahog Bay, near Portland ; but in the south-
ern parts of the Gulf of Saint Lawrence, as about Prince Edward’s
Island and the opposite coast of Nova Scotia, where the water is shal-
low and much warmer than on the coast of Maine, this species again
occurs in some abundance, associated, in the same waters, with the
oyster and many other southern species that are also absent from the
northern coasts of New England, and constituting a genuine southern
colony, surrounded on all sides, both north and south, by the boreal
fauna.

The curious and delicate shell called Solenomya velum (Plate XXIX,
fig. 210) is occasionally found burrowing in the pure, fine, siliceous sand
near low-water mark, about two inches below the surface, but its proper
home is in shallow water, beyond low-water mark, and it is, perhaps
most abundant where there is mud mixed with sand, and it also lives
in soft mud. Its shell is glossy and of a beautiful brown color, and is
very thin, flexible, and almost parchment-like in texture, especially at
the edges. It is a very active species, and has a very curious foot,
which is protruded from the front end of the shell, and can be used in
burrowing, very much asthe ¢ razor-shell,” described above, uses its foot;
but the Solenomya makes use of its foot in another way, for it can swim
quite rapidly through the water, leaving the bottom entirely, by means
of the same organ. The foot can be expanded into a concave disk or
umbrella-like form at the end, and, by suddenly protruding the foot
and expanding it at the same time, a backward motion is obtained by
the reaction against the water ; or, by suddenly withdrawing the foot
and allowing it to remain expanded during most of the stroke, a for-
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‘ward motion is obtained. It is a singular sight to see this shell swim

swiftly many times around a vessel of water, at the surface, until,
finally, becoming exhausted by its violent exertions, it sinks to the
bottom for rest.

The common ¢ scollop,” Pecten irradians, (Plate XXXII, fig. 243,) is
also frequently found living on sandy shores and flats, or in the pools,
but it belongs more properly to the sheltered waters of the ponds and
estuaries, where it lives among the eel-grass. It will, therefore, be
mentioned again in that connection. '

The ¢ common muscle,” Mytilus edulis, (p. 307,) is frequently found in
large patches on sandy flats, fastened together by the threads of
byssus. Some of the most beautifully colored varieties, (fig. 234,) with
radiating bands of blue and yellow, are often found in such places, but
the species is much more abundant and larger in other situations,
especially in the shallow and sheltered waters of the bays, where there
is more or less mud.

Ascidians are almost entirely wanting on the sandy shores, but Mol-
gula Manhattensis (p. 311, Plate XXXII1, fig. 250) is sometimes found
even on sandy shores, attached to eel-grass.

Of Bryozoa only two species are usually met with, and even these do
not have their true stations on the sandy shores. The delicate and
gracefully branched Bugula turrita (p. 311, Plate XXXIV, figs. 258,
259) is occasionally found growing attached to the eel-grass, which
often grows in the sandy tide-pools, or at extreme low-water. It also
occurs in great abundance among the masses of sea-weeds thrown up
by the waves on the sandy beaches. Such specimens are often large
and luxuriant, in some cases being more than a foot in length ; these
are derived from the bottom in deeper water, off shore.

The Hscharella variabilis (p. 312, Plate XX XITT, fig. 256) is often found
encrusting dead shells of various kinds, especially such as are inhab-
ited by the larger ¢ hermit-crabs.” It is also cast up in abundance, on
some beaches, from deeper water.

The Radiates are not numerous on sandy shores, yet several interest-
ing species may be found. Among the Echinoderms we find four
species of holothurians, one sea-urchin, one star-fish, and one ophiuran.

The most common holothurian is the .Leptosynapta Girardii, (Plate
XXXV, figs. 265, 266.) Thisis along, slender, very delicate and fragile
species, which burrows deeply in the sand or gravel near low-water
mark. The holes are round and go down almost perpendicularly ;
they are usually not more than a quarter of an inch in diameter. The
creature is not quick in its motions, and can usually be found in the
upper part of its burrow when the tide is out. The skin is thin and
quite translucent, so that the white muscular bands that run lengthwise
of the body, on the inside, can be easily .seen, as well as the large intes-
tine, which is always quite full of sand and gives a dark appearance to
the body. The tentacles are almost always in motion, and are used in
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burrowing as well as for other purposes. The skin is filled with minute
perforated oval plates, to each of which there is attached, by the shank,
a beautiful little anchor, (fig. 266,) quite invisible to the naked eye.
The flukes of these anchors project from the skin and give it a rough
feeling when touched ; they atford the means of adhesion to various
foreign substances, having a rough surface, and are doubtless useful to
them when going up and down in the burrows. When kept in confine-
ment this species will generally soon commence to constrict its body, at
various points, by powerful muscular contractions, which often go so
far as to break the body in two, and after a few hours there will usually
be nothing left but a mass of fragments.

Another related species, L. roseola V., also occurs in similar places
and has nearly the same habits, but this species is of a light rosy color,
caused by numerous minute round or oval specks. of light red pigment
scattered through the skin. The anchors are similar but much more
slender, with the shank much longer in proportion. The perforated
plates are also much smaller in proportion to the length of the anchors.

The Caudina arenate is much more rare in this region. It lives at
extreme low-water mark, or just below, buried in the sand. Its skinis
thicker and firmer than that of the preceding species, and its body is
shorter and stouter, while the posterior part narrows to a long slender
caudal portion. Its skin isfilled with immense numbers of small, round,
wheel-like plates, with an uneven or undulated border, perforated near
the rim with ten to twelve roundish openings, and usually having
four quadrant-shaped openings in the middle; or they may be regarded
as having a large round opening in the middle, divided by cross-bars
into four parts. This species appears to be rare in this region, and was
met with only by Professor H. E. Webster, at Wood’s Hole, but it is
quite abundant. in some parts of Massachusetts Bay, as at Chelsea
Beach and some of the islands in Boston Harbor. These and all other
holothurians are devoured by fishes.

The Thyone Briareus is a large purple species, often four or five inches
long and one inch or more in diamweter. It is thickly covered over its
whole surface with prominent papillee, by which it may easily be distin-
guished from auny other found in this region. It is more common in
the shallow waters off shore, on shelly bottoms.

The ¢ sand-dollar,” Fchinarachnius parma, (Plate XXXV, fig. 267,)
is the only sea-urchin that is commonly met with on sandy shores in
this region, and this is not often found living on the sbore, except at
extreme low water of spring-tides, when it may sometimes be found
on flats or bars of fine siliceous sand in great numbers, buried just
beneath the surface, or even partially exposed. Itcreeps along beneath
the sand with a slow gliding motion, by means of the myriads of minute
extensile suckers with which it is furnished. It is far more abundant
on sandy bottoms at various depths off shore. Ithas a very wide range,
for it is found all the way from New Jersey to Labrador, and also on
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the North Pacific coast ; and in depth it ranges from low-water mark to
430 fathoms, off Saint George’s Bank, where it was dredged by Messrs.
Smith and Harger. When living its color is usually a rich purplish
brown, but it soon turns green when taken from the water. It gives a
dark green or blackish color to alcohol, which stains very injuriously
any other specimens put in with it. The fishermen on the coast of
Maine and New Brunswick sometimes prepare an indelible marking-ink
from these ¢ sand-dollars,” by rubbing off the spines and skin and,
after pulverizing, making the mass into a thin paste with water. A
number of fishes have been found to swallow this unpromising creature
for food, and the flounders consume large numbers of them.

The common green star-fish, Asterias arenicola, (p. 326, Plate XXXV,
fig. 269,) is sometimes met with on sandy shores, but is much less abun-
dant than on rocky shores. The curious ¢ brittle star-fish,” Ophiura
olivacea, is sometimes found among the eel-grass on sandy shores, espe-
cially in tide-pools, in sheltered localities. It may be recognized by its
nearly circular, disk-like body, about three-quarters of aninchin diameter,
with five round, rather slender, tapering, stiff-looking arms, about three
inches long. The color is bright green, much like that of the eel-grass
among which it lives. When at home in the water it moves about over
the sand quite rapidly by means of its arms. When taken from the
water it does not usually break itself up into numerous fragments,.
as readily as most of its related species do. It is rather southern inits
distribution, and Vineyard Sound is perhaps its northern limit. It
extends southward at least to North Carolina.

Of acalephs there are no species known to me that properly belong
to the sandy shores, but' Hydractinia polyclina (p. 328) is often found
on the shells carried about by the hermit-crabs, in such situations, and
there are species ot Obelia and other hydroids that sometimes grow on
the eel-grass in the tide-pools, but they are much more frequent in other
situations.

Among the Polyps we find several species proper to sandy shores-and
specially adapted to this mode of life. One of the most interesting of
these is the Halocampa producta, (p. 330, Plate XXXVIII, fig. 285,)
which has already been described, This often occurs in the sand at
low-water mark, and makes round holes about a foot deep, which can
sometimes be recognized by small cracks radiating from the hole when
the tide leaves them uncovered. '

The Sagartia modesta (p. 330) is also found buried in the sand at low-
water, especially where there is also some gravel with the sand. The
Sagartia leucolena (p. 329, Plate XXX VIII, fig. 284) is sometimes found
in similar situations, but belongs properly to the rocky shores.

The Paractis rapiformis is a species that is still little known. Itlives
buried deeply in the sand at and below low-water mark. It appears to
be common on the coast of North Carolina, at Fort Macon, where it is.
often thrown up by storms, and it has also been found at Great Egg Har-
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bor and near New Haven light. The body is three or four inches long
when extended, and an inch or more in diameter, and is very changeable
in form. The surface is nearly smooth, slightly sulcated lengthwise,
and the color is usually pink, or pale flesh-color, translucent. The
tentacles are numerous, short, tapering, pale greenish olive, with a dark
band around the base, connected with a dark line radiating from the
mouth. Toward the upper part of the body the surface is somewhat
wrinkled and is capable of attaching grains of sand to itself. When
thrown up by fhe waves it contracts into a globular or pyriform shape
and ¢ somewhat resembles a boiled onion or turnip.”

List of the species ordinarily inhabiting the sandy shores.

ARTICULATA.
Insects.

Page. ‘ ' Page.
Muscidee, (larvee). . ... ..... 335 | Geopinus incrassatas...... 335
Cicindela generosa (larva) .. 336 | Phytosus littoralis ........ 335
C.dorsalis....... ....... 335 | Bledius cordatus.......... 335
C. hirticollis ............... 335 | B. pallipennis. ............ 335
C.albohirta................ 335 | Heterocera undatus ....... 335

Crustacea.

Page. Page
Ocypoda arenaria .......... 337 | Orchestia agilis.. ........ 346
Gelasimus pugilator........ 336 | Talorchestia longicornis - .. 336
Cancerirroratus............ 338 | T. megalophthalma........ 336
Carcinus granulatus........ 312 | Lepidactylis dytiscus ..... 339
Platyonichus ocellatus. .. ... 338 | Unciolairrorata........... 340
Libinia canaliculata .... .... 339 | Idotea irrorata. ...... ---. 340
Hippa talpoida. .......... . 338 | I.eceea ... ... ... ..o, 340
Eupagurus pollicaris....... 313 | L. Tuftsii ....... ... .. .... 340
E. longicarpus ... ......... 339 | Scyphacella arenicola... .. . 337
Crangon vulgaris .......... 339 | Limulus Polyphemus...... 340
Paleemonetes vulgaris...... 339

Page. ‘ Page.
Sthenelais picta............ 348 | Polydora ciliatum......... 345
Nephthys picfa............ 348 | Diopatra cuprea .......... 346
Eteone, Sp.-c e 349 | Marphysa Leidyi-......... 347
Nereis virens.............. 341 | Lumbriconereis opalina.... 342
N.limbata................. 341 | L. tenuis .. ..... ..., 342
Cirratulus grandis ......... 348 | Staurocephalus pallidus.... 348
Scolecolepis viridis .. .... ... 345 | Rhynchobolus Americanus. 342
S. tenuis .. ... ... Ll . 345 | R. dibranchiatus.......... 341
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Spio robusta
S.setosa ... ...
Nerine agilis...............
Aricia ornata. ...........

Anthostoma robustam......
A.fragile. ..... ... ... .-
Maldane elongata........ ..

Halodrillus littoralis

Meckelia lactea............
M.ingens..................
M.10S€ad . e cv v ie e eee e e

Phascolosoma Gouldii ......

Fulgur carica.......... U
Sycotypus canaliculatus....
Astyris lunata ., ............
Ilyanassaobsoleta..........
Tritia trivittata............
Lunatia heros.. .. .. ........
L. heros, var. triseriata......

Ensatella Americana
Siliqua costata. .. ... .......
Mya arenaria
Lyonsia hyalina.._ ... ......
Mactra solidissima
‘Macoma fuseca....... e
Angulus tener....

..............

---------
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Page.
345 | Clymenella torquata.......
344 | Notomastus luridus........
346 | N. filiformis ..............
344 | Sabellaria vulgaris. ...
343 | Cistenides Gouldii ........
344 | Amphitrite ornata.........
343
Oligocheeta.
Page.
338 | Clitellioirroratus...... e
Nemerteans.
Page.
350 | Cosmocephala ochracea .. ..
349 | Tetrastemma arenicola. ....
350 | Balanoglossus aurantiacus.
Sipunculoids.
Page.
353 | Phascolosoma, Sp..........
MOLLUSCA.
Gastropods.
Page.
355 | Neverita duplicata .-.......
355 | Crepidula fornicata........
306 | C.convexXa .......cocuoun-
354 | C. unguiformis............
354 | Bittium nigrom...........
353 | Liacuna vinecta - .- ... .._...
354

Page

356 | Venus mercenaria.........
358 | Tottenia gemma ..........
357 | Leevicardinm Mortoni.....
358 | Solenomya velum .........
358 | Mytilus edulis ............
359 | Pecten irradians ..........
358 '
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324
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325
351
351
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359
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361
361
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Bryozoa and Ascidians.

Page.

Page.
Molgula Manhattensis...... 361 | Bugula turrita......... ae 361
Escharella variabilis.. ... ... 361

RADIATA.

Fehinoderms.

Page. Page.
Thyone BriareuS........... 362 | Echinarachnius parma..... 362
Caudina arenata........... 362 | Asterias arenicola......... 363
Leptosynapta Girardii. .. ... 361 | Ophiura olivacea.......... 363
L. roseola .. ... .. ... ... ... 362

Polyps.

Page. Page.
Halocampa producta . ...... 363 | Sagartia leucolena ........ 363
Sagartia modesta.......... 363 | Paractis rapiformis........ 363

II. 3.—FAUNA OF THE MUDDY SHORES OF THE BAYS AND SOUNDS.

The muddy shores in this region grade almost insensibly into the sandy
shores; and shores thatare entirely of mud, without any admixture of fine
sand, rarely occur except in the estuaries and lagoons. Therefore we
find, as might have been anticipated, that it is difficult to draw a very
definite line between the animals living upon the sandy shores and those
living upon the muddy shores and flats. Many of the species seem, also,
to be equally at home, whether living in mud or sand, and many others
prefer a mixture, altheugh capable of living in either. But if we were
to compare the animals living in pure sand with those living in clear
mud, the two lists would be quite different, although a considerable
number would be common to both lists. Moreover, the eel-grass grows
in considerable quantities both upon sandy and muddy shores, in.cer-
tain localities, and a large number of species which inhabit the eel-grass
will, therefore, be found in both lists.

In discussing the species found on sandy shores, in the preceding
pages, references have constantly been made to other stations inhabited
by many of the species, and especially in the case of those that are com-
mon to the sandy and muddy shores. Theretfore it will not be necessary
to repeat the facts in this connection, but the species will be enumerated
in the list at the end of this section.

A considerable number of species have their place in this list chiefly
because they occur on beds of oysters planted on muddy shores, at and
just below low-water mark. Without these artificial stations some of
them would hardly be found on such shores, or at least but rarely. It
is evident that the shells of oysters, when in large quantities, supply, to
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a certain extent, conditions similar to those of rocky shores, and conse-
quently it is natural that certain rocky-shore species should be found in
such situations. Only the more common and most important of these
have been introduced into the list, however, for to include all the species
to be found among oysters would uselessly extend the catalogue.
Among the Crustacea we find a considerable number of species which
have their proper homes on the muddy shores. Of the true crabs there
are at least eleven species that constantly occur in these situations, but
several of them, viz , Cancer irroratus, (p. 312,) Panopeus depressus, (p.
312,) P. Sayi, (p. 312,) and Carcinus granulatus, (p. 312,) are found in
greater numbers elsewhere, and depend largely upon the oyster-beds for
their safety on these shores. The Carcinus granulatus, however, often
resorts to the holes and cavernous places under the peaty banks of the
shores, or along the small ditches and streams cutting through the peaty
marshes near the shore. The marsh ¢ fiddler-crab,” Gelasimus pugnazx,
is usually very abundant in the peaty banks and along tbe ditcbes and
streams at and just above high-water mark, where it excavates great
numbers of deep holes, often completely riddling the soil. This species
is, however, more at home along the borders of the estuaries and
lagoons and will be described more fully in that connection, as well as
the Sesarma reticulata, which often occurs with it in both situations.

The ¢ oyster-crab,” Pinnotheres ostreum, (Plate 1, fig. 2, male,) is found
wherever oysters occur. The female lives, at least when mature, within
the shell of the oyster, in the gill cavity, and is well known to most con-
sumers of oysters. The males (fig. 2) are seldom seen, and rarely, if ever,
occur in the oyster. We found them, on several occasions, swimming
actively at the surface of the water in the middle of Vineyard Sound.
They are quite unlike the females in appearance, being smaller, with a
firmer shell, and they differ widely in color, for the carapax is dark brown
above, with a central dorsal stripe and two conspicuous spots of whitish,
as indicated in the figure; the lower side and legs are whitish. The
female has the carapax thin and translucent, whitish, tinged with pink.
The Pinnixa cylindrica (Plate I, fig. 1) is a related species which is
occasionally met with on muddy shores. It lives in the tubes of certain
large Annelids in company with the rightful owner. The specimens
hitherto met with in this region were either found free, or dug out of
the mud, and it is uncertain with what worm they associate, though it
is most likely to be the Nereis virens, but on the coast of South Carolina
it lives, according to Dr. Stimpson, in the tubes of Arenicola cristata
STIMPSON. It has been found in the stomach of the ocellated flounder.

The common edible-crab or ¢ blue-crab,” Callinectes hastatus, is a com-
mon inhabitant of muddy shores, especially in sheltered coves and bays.
It is a very active species and can swim rapidly ; it is therefore often
seen swimming at or near the surface. -The full-grown individuals gen-
erally keep away from the shores, in shallow water, trequenting muddy
bottoms, especially among the eel-grass, and are also found in large
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numbers in the somewhat brackish waters of estuaries and the mouths
of rivers. The young specimens of all sizes, up to two or three inches
in breadth, are, however, very frequent along the muddy shores, hid-
ing in the grass and weeds or under the peaty banks at high-water, and
retreating as the tide goes down; when disturbed they swim away
quickly into deeper water. They also have.the habit of pushing them-
selves backward into and beneath the mud for concealment. They are
predacious in their habits, feeding upon small fishes and various other
animal food. They are very pugnacious and have remarkable strength
in their claws, which they use with great dexterity. When they have
recently shed their shells they are caught in great numbers for the
markets, and these ¢ soft-shelled crabs” are much esteemed by many.
Those with hard shells are also sold in our markets, but are not valued
so highly. This crab can easily be distingushed from all the other
species found in this region by the sharp spine on each side of the
carapax.

The common ¢ spider-crab,” Libinia canaliculata, (p. 339,) is very com-
mon on muddy shores and flats. It hides beneath the surface of the
mud and decaying weeds or among the eel-grass, and is very sluggish
in its motions. Its whole surface is covered with hairs which entangle’
particles of mud and dirt of various kinds ; and sometimes hydroids,
algee, and even barnacles grow upon its shell, contributing to its more
‘ready concealment. The males are much larger than the females, and
havelong and stout claws. They often spread a foot or more across the
extended legs. The females have much smaller and shorter legs and
comparatively weak claws.

Another similar species, Libinita dubia, is also found on muddy shores
and has nearly the same habits. It has a much longer rostrum, more
deeply divided at the end. :

The two common species of ¢ hermit-crabs” are both found on muddy
shores, especially among eel-grass, but the larger one, Eupagurus poll:-
caris, (p. 313,) is comparatively rare. The small one, FE. longicarpus, (p.
313,) is very common and usually occupies the dead shells of Ilyanassa
obsoleta, though many may be found in other species of shells.

The Gebia affinis (Plate 11, fig. 7) isa crustacean somewhat resembling a
young lobster three or four inches in length. It lives on muddy shores
and digs deep burrows near low-water mark, in the tenacious mud or clay,
especially where there are decaying sea-weeds buried beneath the sur-
face.” The burrows are roundish, half an inch to an inch in diameter,
very smooth within, and go down obliquely for the distance of one or
two feet, and then run off laterally or downward, in almost any direc-
tion, to the depth of two or three feet, and are usunally quite crooked
and winding. We have found them most abundant on the shoré of
Great Egg Harbor, New Jersey, near Beesley’s Point, but they also
occur at New Haven and Wood’s Hole, &c. This species is quite active ;
it swims rapidly and jumps back energetically. It is eagerly devoured
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by such fishes as are able to capture it. When living the colors are
quite elegant. Along the back there is a broad band of mottled, red-
dish brown, which is contracted on the next to the last segment; each
side of this band the mottlings are fewer, and the surface somewhat
hairy. The last segment and the appendages of the preceding one are
thickly specked with reddish brown; their edges are fringed with gray
hairs. The Caliarassa Stimpsont SMITH, (Plate 1I, fig. 8, large claw,) is
also a burrowing species, butits habits are at present little known, owing
to its rarity. It has been found in the stomach of fishes, and is proba-
bly more common farther south.

The Squilla empusa is a very interesting creature, whose habits are
still imperfectly known. It is often thrown on the beaches by the
waves, and probably it usually burrows in the. mud below low-water
mark, but in certain localities it has been found burrowing at or near
low-water mark of spring-tides, forming large, irregular holes. The very
curious, free-swimming young (Plate VIII, fig. 36) were often taken in
the towing-nets. Large specimens are eight orten incheslong and about
two broad. The body is not so stout built as that of the lobster, and the
carapax or shell is much smaller and softer, while the abdomen is much
larger and longer in proportion. The legs and all the other organs are
quite unlike those of the lobster, and thelast joint of the great claw, in-
stead of forming a pair of pincers with the next, is armed with a row
of six sharp, curved spines, which shut into corresponding sockets,
arranged in a groove in the next joint, which also bears smaller spines.
By means of this singular organ they can hold their prey securely, and
can give a severe wound to the human hand, if handled incautiously. It
also uses the stout caudal appendages, which are armed with spines, very
effectively. The colors of this species are quite vivid, considering its
mud-dwelling habits. The body is usually pale green or yellowish green,
each segment bordered posteriorly with darker green and edged with
bright yellow; the tail is tinged with rose and mottled with yellow and
blackish ; the outer caudal lamelize have the base and spines white, the
last joint yellow, margined with black ; the inner ones are black, pale
at Dbase; the eyes are bright emerald-green; the inner antennae are
dark, with a yellow band at the base of each joint; and the flagellum
is annulated with black and white.

The common shrimp, Crangon vulgaris, (p. 339, Plate I1I, fig. 10,) is
frequent on muddy shores, where it has a darker color than when liv-
ing on sandy shores. The common prawn, Palemonetes vulgaris, (p. 339,
Plate I1I, fig. 9,) is also common in such situations, especially where
there is eel-grass, among which it finds its favorite resorts, but it is
still more abundant in the estuaries. Another shrimp, the Virbius zos-
tericola SMITH, also occurs among the eel-grass, in similar places. It is
usually greenish in color.

Two other species of shrimp-like crustacea, belonging to the genus
AMlysis, are also found on muddy shores, especially among eel-grass.

7V
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The Mysis stenolepis SMITH, (Plate II1I, fig. 12, female,) is often very
-abundant in such situations. The small young ones have been taken in
May, and the half-grown ones later in the season. In the early spring
the adult females, with eggs, occur in great numbers among the eel-
grass, in estuaries and ponds. Mr. Vinal N. Edwards caught a large
number in a small pond at Wood’s Hole, April 1. No males were found
at this time with the females; the only adult males observed were taken
in autumn. Possibly the males do not survive the winter. The adult
females have not been observed in summer, and they probably die after
hatching their young in the spring. The whole body is translucent ;
each segment of the body has a stellate black spot; and there is mnore
or less blackish pigment on the caudal lamellee, telson, antennal scales,
and inner flagellum and peduncle of the antennulse. This species con-
tributes largely to the food of many fishes. The other species, M. Amer-
icana SMITH, also lives among eel-grass, as well as in deeper water off’
shore among algze. This has been found in large numbers in the stom-
achs of the shad and the spotted flounder.

Of Amphipods there are comparatively few species. The Unciola
trrorata (p. 340, Plate 1V, fig. 19) is pretty common here, as elsewhere.
The Amphithoévalida SM1ITH (p.315,) is often met with among eel-grass.
Another species, A. compta SMITH, also occurs in the same places.
It differs from the preceding in many characters, but may easily be dis-
tinguished by its red eyes. A third species of the genus, A. longimana
SMITH, is also found among eel-grass. It has black eyes. The Coro-
phium cylindricum and Gammarus mucronatus occur among eel-grass and
algae, often in great numbers.

Of Isopods there are several species. The Idotea irrorvata (p. 316,
Plate V, fig. 23) is common wherever eel-grass is found. The Erichso-
nia attenuata HARGER, (Plate VI, fig. 27,) is also found clinging to
eel-grass in muddy situations. The FEpelys trilobus (Plate VI, fig. 28)
is found creeping about over the bottom or among and beneath the
decaying vegetable matter and mud usually to be found in sheltered sit-
uations. It is usually so covered up with adhering dirt as readily te
escape observation. The Epelys montosus also occurs in similar situa-
tions.

‘Whenever lumber or drift-wood has been left for some time on the
muddy shores it is found to be more or less eaten by the Limnoria lig-
norum, (Plate VI, fig. 25.) This small isopod gnaws its galleries in the
wood to a depth of about half an inch from the surface, and after a
time these galleries become so numerous that the superficial layer will
be completely honey-combed, and it will then scale off and another layer
will be attacked. This little creature often does great damage to the
piles of wharves and other kinds of submerged wood-work in this re-
gion, and will be mentioned again in discussing the animals inbhabiting
piles, &e.

The ¢ horse-shoe crab,” Limulus Polyphemus, (p. 340,) is also common
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on muddy shores, burrowing beneath the surface, ab or just below low-
water mark.

Many of the Annelids found on muddy shores occur also on sandy
shores, especially where there is a mixture of mud with the sand, and
consequently they have been mentioned in the preceding pages.
Among these are Nereis wvirens (p. 317, Plate XI, figs. 47-50) and N.
limbata, (p. 318, Plate XI, fig. 51,) both of which are common on muddy
shores ; also Diopatra cuprea, (p. 320, Plate XIII, figs. 67 and 68 ;) Lum.
briconereis opalina, (p. 342, Plate XII1I, figs. 69, 70;) L. tenuis, (p. 342;)
Maldane elongata, (p. 343;) Notomastus luridus, (p. 342 ;) Notomastus fili-
Jormis, (p. 342;) Cirratulus grandis, (p. 319, Plate X'V, figs. 80, 81;) Cis.
tenides Gouldii, (p. 323, Plate XVII, figs. 87, 87a;) all of which are
found both in mud and sand, but prefer, perhaps, a mixture of the two.
Rhynchobolus Americanus (p. 342, Plate X, figs. 45, 46) and R. dibran-
chiatus (p. 341, Plate X, figs. 43, 44) are also found in mud, though per-
haps more common in fine sand, or sandy mud.

The ¢ blood-drop,” Polycirrus eximius, (p. 320, Plate XVI, fig. 85) is
however, a species that belongs properly to muddy localities, and it de-
lights in the softest and stickiest mud of the shores, near low-water
mark. The larger blood-drop, Chwtobranchus sanguineus, (p.320,) is also
found in similar situations, and the soft mud, filled with decaying veg-
etable matter, seems to be its most congenial home.

Of Mollusks there are comparatively few species that are peculiar to
muddy shores, but there are many that live almost equally well in such
localities and on shores or bottoms of other kinds.

Among the Gastropods, the proper mud-dwelling species are few.
The Ilyanassa ob;eoleta (p. 354, Plate XXI, fig. 113) is the most abund-
ant, for it occurs everywhere over the mud-flats in great numbers, and,
in cold weather, often crowds in large numbers into the pools left on
the flats. The Nassa vibexr (Plate XXI, fig. 114) has nearly the same
habits, but is comparatively rare. It is more frequently found among
the eel-grass, and is more common farther south.

The Fupleura caudata (Plate XXI, fig. 117) is usually found rather
sparingly in this region, but in one locality, at Waquoit, it oecurred in
considerable numbers in the small streams and ditches in the muddy
marshes near the shore. It occurs occasionally at low-water, but is
more often met with on muddy and shelly bottoms in-the shallow water
of the bays and sounds, and is much more common farther south. The
COrepidula convexa (p. 355, Plate XXIII, fig. 128) is very common on
the shells of Ilyanassa obsoleta, especially when they are inhabited by
“ hermit-crabs.” It is also frequently found on the eel-grass, where, in
August, it often deposits its bright yellow eggs inclosed in small, gela-
tinous masses, which are grouped in clusters.

The Bulla solitaria (Plate XXV, fig. 161) is a species restricted to
muddy shores and bottoms, in sheltered situations, and is found also in
muddy ponds and estuaries. The color of the animal of this species is
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quite peculiar, and when it is fully extended it has a singular appear-
ance. The general. color is usually orange-brown, and it is thickly
speckled with darker brown. This shell is devoured in large numbers
by the flounders, and doubtless by other fishes.

A number of species which habitually live clinging to eel-grass are
to be found in the localities where this plant flourishes, either in the
pools or at low-water mark, but they are not peculiar to or character-
istic of muddy shores. Among these the most common are Astyris
lunata, (p. 306 ;) Bittium nigrum, (p. 305 ;) Triforis nigrocinctus, (p. 305 ;)
and ZLacuna vincta, (p. 305.) The Littorina irrorate is occasionally
found in sheltered situations, but this region is north of its true range,
and such specimens as are found may have been introduced from far-
ther south with oysters. It is very abundant on the southern coast.
The Urosalpinx cinerea (p. 306) occurs wherever there are beds of oys-
ters, upon which it feeds.

Most of the bivalve shells to be found on muddy shores have already
been enumerated as living also on the sheltered sandy shores, and the
majority of them flourish equally on both kinds of shores, and on those
of a mixed or intermediate character. Among these are Mya arenaria,
(p. 309;) Macoma fusca, (p. 358;) Angulus tener, (p. 358;) Venus merce-
naria, (p. 359;) Argina pexata, (p. 309 ;) Mytilus edulis, (p. 307 ;) Pecten
irradians, (p. 361.) There are, however, other species that are almost
peculiar to muddy shores, and are highly characteristic of them. The
Pholas truncata (Plate XXVII, fig, 200) excavates deep holes in depos-
its of tenacious clay at all elevations between tides, and is still more
frequently found living in holes in the borders of peat-bogs, or marsh
deposits, which have been encroached upon by the sea. In such places
they sometimes occur nearly up to the ordinary high-water mark.
Their holes are round and nearly perpendicular, and increase in size
from the orifice downward. They vary in depth according to the size
of the shell; the deeper ones are often a foot or a foot and a half in
depth and often an inch in diameter. The shell remains near the bot-
tom and stretches out its long siphon tubes, which are united together
quite to the end, until the tips reach the external orifice of the burrow
These tubes are generally yellowish white except at the end, where they
are blackish or brownish ; the orifices and papillee are also variously
marked with purplish brown or dark brown. The dark coloration of
the end of the siphon tubes is doubtless for purposes of protection from
predacious fishes, crabs, &e. Its foot is short and stout, obliquely trun-
cated, and bevelled at the end. The Petricola pholadiformis (Plate
XXVII, fig. 199) is generally associated with the preceding species and
is more abundant. Its habits are nearly the same, but it does not make
its burrows so deep ; it is more active in its motions, and can easily
climb up to the upper part of its hole by means of its long, thin, white
foot, which is tongue-shaped and very extensible and flexible. The
siphon-tubes are long and slender, tapering, and united for about a



[373] INVERTEBRATE ANIMALS OF¥ UINEYARD SOUND, ETC. 9

quarter of their length, beyond which they are separate and divergent.
They are yellowish white, more or less spotted, especially toward the
end, with orange, brownish, or blackish, which, in large specimens, forms
streaks mear the ends or even becomes confluent, making the tips very
dark colored. The branchial orifice is surrounded by a circle of numer-
ous bipinnate papillee, which usually alternate with smaller and more
simple ones ; the papillee of the dorsal tube are similar, but more simple.
The Tagelus gibbus (Plate XXVI, fig. 181, animal; Plate XXX, fig.
217, shell) is another inhabitant of muddy shores, which burrows deeply
into the mud. This species is confined, on the shores, chiefly to the zone
near low-water mark, but probably lives also in shallow water beyond
the reach of the tides. In this species the foot is large and muscular,
thick, tongue-shaped, and has a very wide range of motion, for the man-
tle is open along the whole length of the ventral edge of the shell. The
tubes are separate, from the base, and are round, white, and capable of
very great extension, for a specimen of ordinary size, kept in confine-
ment, extended the tubes to the length of nine inches. These tubes
are translucent, and at the end have small rounded lobes around the
aperture, each lobe being furnished at its base, inside, with a small,
orange, eye-like spot, which is probably an imperfect visual organ, and
with two others on the inside lower down. The branchial tube has six
of these lobes and ocelli ; the dorsal one has eight. On each tube-
there is a row of small, white, slender, obtuse papillee, corresponding
to each terminal lobe, and running along the whole length of the tubes.
The color of the animal is white throughout. This bivalve makes deep
burrows in the tenacious mud, each of which has two orifices, not far
apart, for the two tubés. By this peculiarity their burrows may be
. at once recognized, whenever seen. '
The Mulinia lateralis (Plate XXV, fig. 185, B, animal) is occasionally
- found living at extreme low-water mark, on muddy flats, but its true
home is on the soft muddy bottoms in shallow water, where t is often
excessively abundant. In this species the foot is relatively large and
muscular, more or less pointed at the end, and capable of assuming
many different forms and positions ; it has a wide sweep in its motions
and can be thrust forward or backward. The siphon-tubes are united
neariy to the end, but the separation is indicated by a groove between
them for nearly half the length. The branchial tube is the largest, and
its orifice is surrounded by a circle of twelve to twenty-four, slender,
elongated, simple papille, each of which usually has a small, black, eye-
like spot at its base ; a little below this terminal circle there is another,
composed of smaller, very short, blunt papillee. The dorsal tube alsohas
a subterminal circle of similar papillee, above which the tip forms a re-
tractile cone, with the small, simple orifice at the tip. The animal is
yellowish white, the tubes generally pale yellow. This species burrows
just beneath the surface of the mud, and it is eaten in large numbers by
the scup and other fishes.
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The Cumingia tellinoides (Plate XXX, fig. 221) and Kellia planulata
{(Plate XXX, fig. 226) are sometimes found living in the mud at low-
‘water, but are rare in such situations. They are more common at the
depth of a few fathoms on muddy and shelly bottoms.

The ribbed muscle, Modiola plicatula, (p. 307, Plate XXXI, fig. 238,
is very abundant near and even above high-water mark, along the
muddy borders of the marshes and banks and among the roots of grass-
The Modiola hamatus is occasionally met with, especially on oyster-
beds, adhering to the shells, where it is sometimes very abundant. It
has probably been introduced with the oysters, from the South, where
it is common. It somewhat resembles the preceding species, but it is
shorter, broader, with strong radiating ribs, many of which are forked.
Its color is yellow or yellowish brown.

The common ¢‘“scollop,” Pecten irradians, (p. 361, Plate XXXII, fig.
243,) occurs among the eel-grass on muddy shores in great abundance,
in many localities, especially in sheltered places. The young shells may
be found during the whole summer, but the adult specimens come up to
the shallow waters and shores in great numbers in the autumn. This
species is very active and can rise from the bottom and swim through
the water with great rapidity by opening and energetically closing its
valves, thus expelling the water from the gill-cavity, the reaction send-
ing the shell backward. It often remains up among the leaves of the
eel-grass, resting upon them, where they are matted together, but if
alarmed the creature suddenly swims away in the manner described, and
takes to the bottom. It is very watchful and quickly perceives its
enemies. The thickened outer edge of the mantle, both above and
below, is fringed with rows of numerous tapering papillee or tentacles,
the inner ones largest, and among the bases of these there is a row of
very bright silvery or bluish eyes, thirty to forty or more to each valve
the number increasing with the size of the shell; a short distance within
the outer fringe of tentacles there is a raised yellow or orange ridge,
which bears another series of smaller papillee, and the space between
these and the outer onesis radiately striated. "The central muscle which
closes the valves of this shellis large and powerful. This is'the portion
which is sold in our markets in large quantities, and is highly esteemed
by many as an article of food. Its decided sweetish taste is, however,
objectionable to some persons. To some, also, it proves actually injuri-
ous, sometimes producing nausea and even worse symptoms. After
storms this shell is sometimes found thrown upon the beaches in immense
quantities.

The oyster, Ostreea Virginiana, (p. 310,) is- often planted upon the
muddy shores at and below low-water mark, in many parts of Long Island
Sound and elsewhere, but for this purpose the muddy estuaries are pre-
ferred, where the water is more brackish and the bottom less distaurbed
by the storms. The mud, however, should not be too deep, and ought
to have a solid substratum, a few inches beneath.
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The Ascidians are generally uncommon on muddy shores, but wherever
the eel-grass flourishes, and especially in sheltered situations, the Molgula
Mawhattensis (p. 311, Plate XXXIII, fig. 250) is usually to be found ad-
hering to it. The Botryllus Gouldii (Plate XXXIII, figs. 252, 253) is also
frequently found growing upon the eel-grass in such situations, as well
as upon the piles of wharves, bottoms of boats, &c. This species was
found in great profusion upon the eel-grass in Little Harbor, at Wood’s
Hole, and in Waquoit Pond. In both these localities the water is nearly
pure and but slightly, if at all, brackish. But it has also been found by
Professor D. C. Eaton on the piles at Brooklyn, New York, where the
water is more brackish. This species when young forms thin, soft, circu-
lar or oval incrustations covered with stellate clusters of the minute ani-
mals, (fig. 253,) which are imbedded in it; each of these has a small
circular orifice toward the outer end, opening into the gill cavity, and
another orifice opening into a larger cavity in the center of the cluster,
which is common to all those in the cluster; and it has a central exter-
nal orifice, through which the waste water from the gills, the fmeces,
and the eggs are discharged. These young colonies begin to appear in
June and grow very rapidly, new individuals being formed by buds that
originate from the first ones in rapid succession, so that in two or three
weeks the small colonies will increase from a quarter of an inch in
breadth up to three or four inches, if they be situated on a flat sur-
face and have room to spread. If upon the stem or leaf of the eel-
grass they will extend entirely around it, and perhaps several inches
along its length, if not opposed by other colonies. At the same time the
crusts increase very much in thickness. Thus by the end of the summer,
the eel-grass, algee, stems of hydroids, &c., often become completely
covered up by the luxuriant growth of this curious compound animal.
The colors of this species are extremely variable and often very elegant,
and it is seldom that two colonies can be found with precisely the same
pattern of color. Growing upon the same leaf of eel-grass, many dif-
ferent colonies may often be found, each showing a different arrange-
ment of the colors.

"In one of the most common varieties the general color of the common
tissue between the stellate clusters is dull olive-green, thickly specked
with small flake-white spots, which are formed by the enlarged terminal
portion of stolon-like processes, which bud out from the perfect individu-
als composing the clusters, and are arranged somewhat in circles around
the clusters; the lower portion of these stolons is usually yellow or
orange, and the outer part deep purple, tipped with flake-white. The
individual animals, or zoiids, composing the stellate clusters, are deep
purple, with the branchial orifice yellowish white, surrounded by a circle
of orange ; a short flake-white longitudinal line runs along the middle of
the upper side, interrupted by the branchial opening, but this line is
often represented only by two white spots; other flake-white spots are
usually irregularly scattered over the outer end.
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In another variety the deep purple zosids have a circle of flake-white
around the branchial orifice, a short white bar or spot beyond it on the
outer end, a white spot on the middle between the orifices, and another
white spot on the inner end near the anal orifice; the stolons colored as
in the preceding.

In another common variety (var. bicolor) the colors are similar except
that the outer half of each zoo6id is almost entirely covered with flake-
white, sometimes tinged with orange, while the proximal half is deep pur-
ple. Another has the purple zooids spotted and blotched with flake-
white over the whole surface; sometimes the specks are so fine and
numerous as to give a uniform silvery or frosted appearance, (var. fari-
nacea.)

One peculiar variety (annulata) has a small circle of white around the
the branchial opening, surrounded by another large circle of flake-white,
which incloses nearly the outer half of the zotid. The variety atrox has
the zooids covered to a considerable extent with flake-white, so arranged
on each as to present the appearance of a skull; the two eyes being
formed by deep purple spots. .

The variety wvariegata is pale yellowish olive or orange-brown; the
z00ids have a white ring around the branchial orifice, inclosed by a brown
ring, which is often interrupted ; and the latter is surrounded more or
less completely by flake-white, there is usually also a median bar of
flake-white ; the inner portion is deep purple, more or less mottled with
white, and there is a white spot at the inner end. In the variety albida
nearly the whole upper surface of the zodids is flake-white.

In another very beautiful and distinet variety (var. stella) the common
tissue is translucent, pale olive, with white-tipped stolons; the zodids
are brown or purple, marked on the upper side with two parallel longi-
tudinal bars of flake-white, which are separated by a narrow dark line,
all of which radiate from the center of the cluster, thus producing the
appearance of a many-rayed star, with the rays alternately white and
dark ; the white bars are sometimes interrupted near the inner ends,
and small specks of flake-white are sometimes scattered over the outer
end. In this form there are often ten to fifteen zooids in each cluster,
and they appear longer and less swollen than in the other varieties, ow-
ing, perhaps, to the optical effect of the radiating lines. This is the most
distinctly marked variety that was observed, and was at first thought to
be a distinct species.

The Radiates are not abundant on muddy shores. The ZThyone
Briareus (p. 362) is sometimes found on such shores, in sheltered situ-
ations, amongeel-grass. The common star-fish, Asterias arenicola, (p.326,
Plate XXXV, fig. 269,) is often altogether tooabundant on muddy shores,
on the oyster-beds, where it commits great havoec.

The Hydractinia polyclina (p. 328) is often found on the shells occupied
by ¢“hermit-crabs.” Several species of Obelia grow upon the eekgrass,
where the water is sufficiently clear. The Halecium gracile V. (p. 328,)
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is ‘frequentlyl found attached to the shells of oysters, and to other solid

objects.
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Notomastus luridus........ 371 | Cheetobranchus sanguineus.
N. filiformis............... 371
MOLLUSCA.
Gastropods.
Page. !
Ilyanassa obsoleta......_.. 371 | Littorinairrorata..........
Nassa vibex .............. 371 | Lacuna vineta ..o ... ...,
Eupleura caudata ......... 371 | Bittium nigrum........ ae
Urosalpinx cinerea ........ 372 | Triforis nigrocinctus.......
Astyris lunata ............ 372 | Bulla solitaria -...........
Crepidula convexa ....... T 371

Page.
370
370
369
370
370
370
370
370
370
370
370
370
370
370
370

Page.
371
320
371
371
371
371
371
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Lamellibranchs.
Page. | Page.
Pholas truncata.. ......... 372 | Venus mercenaria......... 372
Tagelus gibbus...... .. ... 373 | Kellia planulata........... 374
Mya arenaria ............. 372 | Argina pexata ............ 372
Mulinia lateralis. ... ....... 373 | Mytilusedulis............. 372
Macoma fusea............. 372 | Modiola plicatula...... ... 374
Cumingia tellinoides. ... ... 374 | M. hamatos............... 374
Angulustener.........__.. 372 | Pecten irradians .......... 374
Petricola pholadiformis.... 372 | Ostrea Virginiana ........ 374
Ascidians.
| Page. | Page.
Molgula Manhattensis..... 375 | DBotryllus Gouldii.......... 375
RADIATA.

Fcehinoderms.

Page. Page.

Thyone Briareus......... .. 376 | Asterias arenicola..... e 376
Acalephs.

Page. , Page.

Hydractinia polyelina. ... .. 376 | Halecium gracile....... e 376

II. 4.—ANIMALS INHABITING THE PILES AND TIMBERS OF WHARVES AND
BRIDGES, BOTTOMS OF VESSELS, BUOYS, AND OTHER SUBMERGED
WOOD-WORK.

JIn these situations a large number of species may be found, but the
majority of them are not peculiar to such stations. There are, however,
quite a number of species that are nearly always found under these cir-
cumstances, and others are directly dependent for their very existence
upon submerged wood. Some of these, like the Zeredo, for example, are
of so great importance, owing to the injuries which they do to valuable
property, that it seems desirable to make a special division for the
animals ordinarily found in connection with wood-work of various kinds,
whether injurious or not.

On the piles of wharves and bridges various kinds of sea-weeds often
grow in abundance, each species having a particular zone to which it is
limited; but as these plants require light, they are found almost exclu-
sively upon the outer rows of piles and timber, and are most abundant on
the outer side of the piles and on the southern exposures, where they get
the most sunlight. These algae afford congenial homes to a considerable
number of animals, most of which occur also among alga on the rocky
shores and in tide-pools. Beneath the wharves, where the piles are con-
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stantly shaded, very few algee, and those only of the smallest and sim-
plest kinds, such as Ocillatoriee and Diatoms, are to be found. But in
these shaded situations many animals, such as Tubularians and other
Hydroids, some Ascidians, Bryozoa, &c., delight to dwell. Many of
these adherent animals also live in abundance on the outermost piles of
the wharves, at or just below low-water mark, where they are more or
less exposed to the sunlight. '

The animals that are found among or attached to the seaweeds
growing on the piles are, for the most part, identical with those that
are to be found in similar situations among the alge on rocks and in
rocky tide-pools.

Among those that are nearly or quite peculiar to submerged wood-work
are several species of ¢ ship-worms,” (Teredo of several species, and the
Xylotrya fimbriata,) which are bivalve mollusks; the wood-eating Lim-
noria ; several species of barnacles, which belong to the Crustacea;
some of the tubularians, and other hydroids, &c.

Of the salt-water Insects two species have been observed on the piles
of wharves. One of these is a small, slender, green larva, with a dark,
firm head, and sharp jaws. It is the larva of a small, two-winged 1ly,
probably identical with the Chironomus oceanicus of Packard.

On the piles of a wharf at Menemsha, Dr. Edward Palmer found, in
October, a very interesting insect-larva. It lived in a stout tube com-
posed of grains of sand firmly cemented together, and attached by its
whole length to the piles; the single specimen is broken at both ends.
The tube is flattened, and consists of a central, subcylindrical, tapering
portion, or proper tube, which is covered on all sides with a single layer
of small grains of sand, neatly arranged ; along each side of this, and
partly covering its upper surface, and to fill the angle between it and
the surface to which it was attached, larger grains of sand are cemented.
The preserved portion of the tube is about three-quarters of an inch
long and nearly one-quarter wide, at the larger end, but not more than
half as wide at the small end. The larva is about a third of an inch
long, rather stout, and has a pair of long, sharp, curved jaws, and three
pairs of rather long, hairy legs. It belongs to the Phryganide, among
the Neuroptera, and sdmewhat resembles some of the well-known larve
of the caddis-flies, common in fresh water, which make tubes or cases
of various kinds. Dr. Hagen, who has examined this specimen, refers
it to the genus Molannea, of which three North American species are
known, but only in the adult state. All the larvae of this genus, known
in Europe, live in fresh water, and no other species of the Phryganidae
has been observed in sea-water, although some live in water that is
slightly brackish. 4

Of Crustacea the most important species is the Limnoria lignorum,
(p. 370, Plate VI, fig. 25.) This little creature is grayish in color, and
covered with minute hairs. It has the habit of eating burrows for
itself into solid wood to the depth of about half an inch. These bur-
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rows are nearly round, and of all sizes up to about a sixteenth of an
inch in diameter, and they go into the wood at all angles and are
usually more or less crooked. They are often so numerous as to reduce
the wood to mere series of thin partitions between the holes. In this
state the wood rapidly decays, or is washed away by the waves, and
every new surface exposed is immediately attacked, so that layer after
layer is rapidly removed, and the timber thus wastes away and is en-
tirely destroyed in a few years. It destroys soft woods more rapidly
than hard ones, but all kinds are attacked except teak. It works
chiefly in the softer parts of the wood, between the hard, annunal lay-
‘ers, and avoids the knots and lines of hard fiber connected with them,
as well as rusted portions around nails that have been driven in, and,
consequently, as the timbers waste away under its attacks, these
harder portions stand out in bold relief. Where abundant it will
destroy soft timber at the rate of half an inch or more every year, thus
diminishing the effective diameter of piles about an inch annually.
Generally, however, the amount is probably not more than half this, but
even at that rate, the largest timbers will soon be destroyed, especially
when, as often happens, the Teredos are aiding in this work of destruction.
It lives in a pretty narrow zone, extending a short distance above
and below low-water mark. It occurs all along our shores, from Long
Island Sound to Nova Scotia. In the Bay of Fundy it often does
great damage to the timbers and other wood-work used in constructing
the brush fish-weirs, as well as to the wharves, &c. At Wood’s Hole it
was formerly found to be very destructive to the piles of the wharves.
The piles of the new Government wharves have been protected by
broad bands of tin-plate, covering the zone which it chiefly affects.
North of Cape Cod, where the tides are much greater, this zone is
broader, and this remedy is not so easily applied. It does great dam-
age, also, to ship-timber floating in the docks, and great losses are
sometimes caused in this way. Complaints of such ravages in the
navy-yard at Portsmouth, New Hampshire, have been made, and they
also occur at the Charlestown navy-yard, and in the piles of the wharves
at Boston. Probably the wharves and other submerged wood-work in
all our sea-ports, from New York northward, are®* more or less injured
by this creature, and, if it could be accurately estimated, the damage
would be found surprisingly great.

Unlike the Teredo, this creature is a vegetarian, and eats the wood
which it excavates, so that its boring operations provide it with both
food and shelter. The burrows are made by means of its stout mandi-
bles or jaws. It is capable of swimming quite rapidly, and can leap
backward suddenly by means of its tail. It can creep both forward
and backward. Its legs are short and better adapted for moving up
and down in its burrow than elsewhere, and its body is rounded, with
parallel sides, and well adapted to its mode of life. When disturbed
it will roll itself into a ball. The female carries seven to nine eggs or
young in the incubatory pouch at one time.
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The destructive habits of this species were first brought prominently
to notice, in 1811, by the celebrated Robert Stephenson, who found it
rapidly destroying the wood-work at the Bell Rock light-house, erected
by him on the coast of Scotland. Since that time it has been investi-
gated and its ravages have Dbeen described Ly numerous European
writers. It is very destructive on the coasts of Great Britain, wheré it
is known as the ¢ gribble.” _

The remedies used to check its ravages are chiefly copper or other
metallic sheathing; driving broad-headed iron mnails, close together,
into the part of the piles subject to their attacks; and applying coal-
tar, creosote, or verdigris-paint, once a year or oftener.

Another singular crustacean, common on the piles at Wood’s Hole,
is the Tanais jilum. This is a very slender, whitish species, almost
thread-like in form, but has the first pair of legs much thickened, with
very peculiar, stout claws, ovate in form ; the rest of the anterior legs
are very slender. The antennw are short and thick, the inner ones di-
rected forward; the outer ones more slender, and carved outward and
backward. This species lives among the adhering ascidians and hy-
droids on the piles, and has also been found in deeper water, in the Bay
of IFundy. Its habits are little known, but some of the allied species
have been accused of boring in wood.

Two species of barnacles are very common on the piles of the
wharves. The common barnacle of the rocky shores, Balanus balanoides,
(p. 305,) is also common on the piles of wharves and bridges, between
tides, and also on the bottoms of vessels, &c. It never grows very
large, although it may become so crowded together as to form a contin-
nous crust. It is easily distinguished from the other species by its
membranous base, which never forms a solid plate, like that of the
other species. The ¢“ivory-barnacle,” Balanus eburneus, is also common
on all kinds of submerged wood-work, whether fixed or floating. It
is usually abundant on the piles and timbers of wharves, buoys, oyster-
stakes, bottoms of vessels, &c. It is chiefly found below low-water
mark if on fixed objects, and is even more common in the brackish
waters of estunaries than in the purer waters outside, and it is capable
of living even in pure fresh water, for Professor Jeffreys Wyman has
sent me specimens collected, by himself, about sixty-five miles up the Saint
John’s River, in Florida, where the water is not at all brackish. This
species is sometimes found adhering to the carapax of crabs, the
shell of Limulus, and various mollusks. It is easily distinguished from
most species on account of its low, broad form and its smooth white
exterior. It has a shelly base. The B. crenatus, common on shells and
stones in deep water, also occurs on vessels. Other species are often
found on the bottoms of vessels that have come from warmer latitudes.
Some of them are of large size. One of the most frequent of these is
Balanus tintinabulum.

Several species of ¢ goose-barnacles,” Lepas, are frequently found
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alive on the bottoms of vessels, and especially such as have recently
arrived from the West Indies and other foreign countries. These
resemble, in general appearance, L. fascicularis, (Plate VI1I, fig. 33,)
which is a common indigenous species, usually found adhering to floating
sea-weeds and other small objects in early summer, in large numbers.
It1is doubtful whether any of those found on the bottoms of vessels
can be regarded as true natives of this region. The most common of
them is L. anatifera; the valves of its shell are bordered with orange.
The other common species are L. anserifera and L. pectinata. Species
of the curious genus, Conchoderma, also occur on the bottoms of vessels.

Among the Crustacea that commonly occur among the ascidians,
hydroids, and algze on the piles of wharves, are Panopeus Sayi, (p. 312,)
P. depressus, (p. 312, Plate 1, fig. 3,) Gammarus ornatus, (p. 314, PlateIV,
fig. 15,) Amphithoé compta S., (p. 370,) Corophium cylindricum, (p. 370,)
Melita nitida, (p. 314,) Caprella, sp., (p. 316,) and various small Entomos-
traca. Jwra copiosa (p. 315) often occurs abundantly near high-water
mark, on old piles and timber, living in the crevices and cracks, or
under loosened bark.

Of Annelids very few if any species occur that are peculiar to these sit-
nations. The Potamilla oculifera (p. 322, Plate XV1I, fig. 86) is quite
common on the piles of wharves where the water is pure. P. microph-
thalma V. (p. 323) also occurs under the same circumstances, and also on
the piles in harbors, where the water is brackish.

The Leprecea rubra V. was found living in tubes among the ascidians
on the piles of the wharves. This is a Terebelloid worm, somewhat
resembling the Amphitrite ornata, (Plate XVI, fig. 82,) but is much
smaller, and there are fascicles of setwe on all the segments. There are
three pairs of arborescently divided branchise, which are pedunculated,
the last pair being quite small. The body is bright red, the tentacles
pale flesh-color.

The Nicolea simplex V. (p. 321,) was also found with the last in large
numbers, but mostly of small size. Both males and females of Nereis lim-
bata (p. 318, Plate XI, fig.51, male) were often found among the barnacles
and ascidians on the piles of the wharves at Wood’s Hole, but the males
were the most abundant, while the reverse was the case with those dug
out of the sand and gravel on the shores.

Numerous other Annelids were occasionally met with among the ascid-
ians and alg=. Among these were Polycirrus eximius, (p.320, Plate
XVI, fig. 85;) Podarke obscura V., (p. 319, Plate XII, fig. 61;) a Phyl-
lodoce, &c. 'T'wo Nemerteans were also common; one of these was an
olive-green species, with a light dorsal stripe, belonging probably to the
genus Cerebratulus, but it was not carefully studied; the second was
Polinia glutinosa, (p. 324, Plate XIX, fig 97.)

Of Gastropod mollusks quite a number of species occur on the piles
of wharves, and some of them in great abundance, especially the smaller
kinds which live among the hydroids and confervae. The most abun-
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dant speciesis generally the Astyris lunata, (p. 306, Plate XXIT, fig. 110,)
which generally occurs among the small algse and especially on the
Tubularians, in countless numbers; Anachis avara (p. 306, Plate XXI,
fig. 109) is often found in considerable number ; Bittium nigrum (p. 305,
Plate XXIV, fig.154) and T'riforis nigrocinctus (p. 305, Plate XXI1V, fig,
152) are usually common and the former often is very abundant ; Cerith-
1opsis Greenit (Plate XXIV, fig. 153) sometimes occurs, but is rare; Ilya-
nassa obsoleta (p. 354, Plate XXI, fig. 113) and Tritia #rivitiata (p. 354,
Plate XXI, fig. 112) are common, especially the former; Urosalpinx
cinerea (p. 306, Plate XXI, fig. 116) is generally to be found at or below
low-water mark on the piles and buoys; Bela plicata (Plate XXI, fig.
107) is sometimes met with, but is not common ; Odostomia bisuturalis
(p. 307, Plate XXIV, fig. 146) and other species of the genus are often
found near low-water mark on the piles, especially where they are
somewhat decayed. Littorina palliata (p. 305, Plate XX1V, fig. 138)
and L. rudis (p. 305, Plate XXIV, fig. 137) nearly always occur near
high-water mark, on the piles, where there are algae. In the harbors,
where the water is brackish, and less frequently in the purer waters,
the Alexia myosotis (Plate XXV, fig. 168) may be found on timbers and
piles near high-water mark, and sometimes, also, Skenee planorbis, (Plate
XXI1V, fig. 142,) Littorinella minuta, (Plate XXI1V, fig. 140,) and Rissoa
aculeus, (p. 306, Plate XXIV, fig. 141.) Among and feeding upon the
Tubularians growing on the piles at and just below low-water mark, the
beautiful Flolidia pilata (Plate XXV, fig. 174) may often be found, espe-
cially in the harbors where the water is more or less brackish.

Another related species, apparently the Cavolina gymnota, was found
by Professor Todd, on an old wreck in the Wood’s Hole passage, but it
differs in several points from any form that has been described. The
branchise were arranged in six transverse simple rows, on each side,
those of the second and third longest; in the anterior rows there were
four to six branchize, the lower ones much shorter than the upper ones.
In life the branchise were dark green or blackish.

Several other Gastropods are occasionally met with in these situa-
tions, but the species above named are about all that ordinarily occur.

Among the Lamellibranchs, or ¢ bivalve-shells,” we find the Zeredo
tribe, nearly all of which are peculiar to submerged wood-work, either
fixed or floating, and most of them are capable of doing great damage,
both to ships and to the timber and piles of wharves and bridges, or
other similar structures. Although popularly known as the ¢ ship-
worm,” these creatures are not at all related to the worms, but are true
mollusks, quite nearly allied, in many respects, to the common ¢long-
clam” (Mya) and to the Pholas. Like those shells the Teredo excavates
its holes or burrows merely for its own protection, and not for food; but
the Teredo selects wood in which to form its holes, and when these have
been excavated it lines them with a tube of shelly material. The holes
are very small at the surface of the wood, where they were formed by
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the young Zeredos but they gradually grow larger as they go deeper and
deeper into the wood, until they sometimes become ten inches or more
in length and a quarter of an inch in diameter, but the size is generally
not more than half these dimensions. The holes penetfrate the wood
at first perpendicularly or obliquely, but if they enter the side of the
timbers or planks across the grain, the burrows generally turn horizon-
tally in the direction of the grain a short distance beneath the surface,
unless prevented by some obstruction, or by the presence of other
Teredo tubes, for they never cross the tubes of their companions or
interfere with each other in any way, and there is always a thin layer
or partition of wood left between the adjacent tubes. It is, however,
not necessary that they should follow the grain of the wood, for they
can and do penetrate it in every direction, and sometimes not more
than half the tubes run in the direction of the grain, and they are often
very crooked or even tortuous. They rapidly form their burrows in all
kinds of our native woods, from the softest pine to the hardest oak, and
although they usually turn aside and go around hard knots, they are
also able to penetrate through even the hardest knots in oak and other
hard woods. The Teredos grow very rapidly, apparently attaining
maturity in one season, and therefore, when abundant, they may
greatly damage or completely destroy small timber in the course of four
or five months, and even the largest piles may be destroyed by them in
the course of two or three years.

The most abundant species in this region is the Zeredo navalis (cuts
1 and 2; Plate XXVI, fig. 183, animal; Plate XXVII, fig. 186, shell.)

>

LEXPLANATION OFY THE CUTS.

Fig. 1. Posterior or outer end of a living Teredo navalis, removed from its burrow ;
¢, the muscular collar by which it adheres to the shelly lining of its burrow ; p, the
shelly ““pallets” which close the aperture when the animal withdraws; ¢, the two
retractile siphon-tubes which project from the hole when the animal is active.

Fig. 2. Anterior end and shell of the same ; s, the front part of the shell; f, the
foot or boring organ.

This is the same species that has attracted so much attention in
Europe, during nearly two centuries, on account of the great damagethat
it has done, especially on the coast of Holland. Nevertheless no full
description of the animal of this Species has yet been published, nor
any satisfactory figures of the soft parts.

When removed from its tube (see Plate XXV, fig. 183) the animal is
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found to have a very long, slender, smooth, soft, whitish body, tapering
somewhat toward the outer or posterior end, (fig. 1,) which has a muscu-
lar, circularly wrinkled collar, (¢,) by which the animal is, when living,
attached to the inside of the shelly lining of its tube. To the inside of
this collar two shelly plates, known as the ¢ pallets,” ( p,) are attached
by their slender basal prolongations ; their outer portions are broad and
flat, and more or less emarginate or two-horned at the end. These are
so connected with the muscles that when the animal withdraws its tubes
into its hole the free ends of these pallets are made to fold together and
close the opening, thus serving as an operculum to protect the soft tubes
against enemies of all kinds. Between the bases of the pallets arise
the siphonal tubes, (¢,) which are soft and retractile, united together for
half their length or more, but separate and divergent beyond ; they are
nearly equal, but the wventral or branchial tube is perhaps a little
larger than the other, and is fringed with a few small papillee at the
end ; the tubes are white or yellowish, sometimes specked with reddish-
brown. At the anterior end of the body and farthest from the external
opening of the hole, is seen the small, but elegantly sculptured, white
bivalve shell, (cut 2, s ; and Plate XXV, fig. 183, s.) The shell covers the
mouth and palpi, liver, foot, and other important organs. The foot (1)
is a short, stout, muscular organ, broadly truncate or rounded at the end,
and appears to be the organ by means of which the excavation of the bur-
row is effected. The shell is covered by a delicate epidermis, and prob-
ably does not assist in rasping off the wood, as many have supposed.
The gills are long and narrow, inclosed mostly in the naked part of the
body, and are reddish brown in color. The Teredos obtain their micro-
scopic food in the same manner as other bivalve mollusks, viz., by
means of a current of water constantly drawn into the branchial tube by
the action of vibrating cilia within; the infusoria and other minute or-
ganisms are thus carried along to the mouth at the other end, while the
gills are supplied with oxygen by the same current ; the return current
passing out of the dorsal tube removes the waste water from the
gills, together with the faeces and excretions of the animal, and also the
particles of wood which have been removed by the excavating process.
As the animal grows larger the burrows are deepened, the lining of
shelly matter increases in length and thickness, the shell itself and the
pallets increase in size, and the terminal tubes grow longer. But as the
orifices of the terminal tubes must necessarily be kept at the external
opening of the burrow, the muscular collar at the base of the tubes con-
stantly recedes from the entrance, and with it the pallets; at the same
time imbricated layers of shelly matter are usually deposited in the
upper end of the shelly tube, which are supposed to aid the pallets in
closing the aperture when the tubes are withdrawn. When the animal
has completed its growth, or when it has encountered the tubes of its
companions and cannot pass them, or when it approaches the exterior
of a thin piece of wood and cannot turn aside, it forms a rounded or
8v
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cup-shaped layer of shelly matter, continuous with the lining of the
tubes, and closing up the burrow in front of its shell ; sometimes it
retreats and forms a second partition of the same kind.

This species produces its young in May and probably through the
greater part or all of the summer. The eggs are exceedingly numerous,
probably amounting to millions, and they are retained in the gill-cavity,
where they are fertilized and undergo the first stages of their development.
The embryos pass through several curious phases during their growth.
In one of the early stages they are covered with fine vibrating cilia, by
means of which they can swim like ciliated infusoria ; later they-lose
these cilia and develop a rudimentary bivalve shell, which is at first
heart-shaped, and the mantle begins to appear and larger retractile
cilia develop upon its edge, which serve as organs for swimming ; but
at this period the shell is large enough to cover the 